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INTRODUCTION 

The Visible Emissions Identification manual has been 
prepared to assist the trainee and the instructor to achieve 
the objectives of the Visible Emissions Identification 
Certification Course, and for use as a reference manual. 

The intent of the course is to certify Ministry 
personnel as being proficient in the identification of the 
opacities of visible emissions. 

The course covers a period of five days and is a 
combination of lecture and demonstration, with practice. 
Practice is in the reading of visible emissions, using black 
and white smoke of known opacity, from a smoke generator. 
The objectives are clearly indicated at the beginning of 
each topic, and tell the trainee exactly what he should know 
after having covered that topic. 

In order to quality for certification the trainee must 
have : 

(i) achieved a mark of at least 70% in the 

examination set at the end of the course 
of theoretical instruction; and 

(ii) identified the opacity of 25 consecutive 
emissions of black smoke and 25 
consecutive emissions of white smoke, 
within the permitted deviation standards 
set out in Topic 8 - Certification. 
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Subject: 



Topic: i 



VISIBLE EMISSIONS 
IDENTIFICATION 



VISIBLE EMISSIONS - 

THEIR CAUSE AND REGULATION 



Objectives: 


The 


trainee will be able to: 


1. 


Name the various visible air 




contaminants ; 


2. 


Define: smoke, soot, fly-ash, fumes , 




dust, mist, gas, vapour; 


3. 


List the items affected by particu- 




late emissions; 


4. 


Describe briefly the effects of 




particulates on: materials, visibi- 




lity, incoming sunlight, health, 




vegetation. 



1. VISIPLF EMISSIONS - THEIR CAUSF AND REGULATION 

1.1. Visible emissions are composed of small liquid 
or solid particles or coloured gases. 

1.2. The more opaque a plume is, the more effluent 
is being emitted, all other particulate and flow 
characteristics being equal. The more effluent 
emitted, the poorer the air quality. 

1.3. Some air pollutants are invisible or colourless 
gases or are composed of particles so small that they 
cannot be detected by the naked eye, e.g., S0_ , lead, 
CO. 

1.4. The micron (u) is a measurement of length used 
to measure particle diameters. It is equal to 0.001 
(one thousandth) of a millimetre. 

1.5. Particles between 0.3 and 100 u are measured as 
suspended particulate by high-volume samplers. 

1.6. Particles between 0.1 and 1.0 u cause haze. 
They cause the sunlight to scatter in the visible wave- 
lengths (0.4 to 0.7 u) of light. Larger particles are 
visible because they intercept or reflect the sunlight. 
Smaller particles have little effect on the light and 
are invisible. 

1.7. Visible air contaminants can be classified as 

(a) Smoke (e) Fumes 

(b) Soot (f) Mist 

(c) Fly-ash (g) Gas 

(d) Dust (h) Vapour 

1.8. Plumes of condensed water vapour are visible, 
but uneombined water is generally not considered a pol- 
lutant. 
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1.9. Smoke is a visible effluent resulting from 
incomplete combustion and consisting mostly of soot, 
fly-ash, and other solid or liquid particles less 
than 1 u in diameter. 

1.10. Soot is a cluster of carbon particles saturated 
with tar. It is formed by the incomplete combustion 
of carbon-containing material. It is the principal 
cause of the blackness of a smoke plume. 

1.11. Fly- ash is unburned material arisinq from the 
combustion of fuel. It has sufficiently small size 
that it can remain suspended in the air. A pure fly- 
ash plume will be of a light-brown or cream colour. 

1.12. Fumes consist of metal or metal oxide particles 
less than 1 u in diameter. The particles are formed 
when the metal is heated to its boiling point and some 
of it is changed to a gaseous state. When the gas 
cools, small particles (the fume) are formed. 

1.13. Dust consists of solid particles, generally 
greater than 1 u in diameter, released to the air by 
processes such as crushing, grinding, drilling, 
sweeping, sanding, demolishing etc. Since they are 
larqer than the smoke or fume particles, they will 
settle to the ground faster . 

1.14. Mist consists of liquid particles or droplets 
which are not composed of pure pollutant but contain 
it in solution or suspension. The droplets are of the 
size of fog droplets (about 10 u - ranging from 2 to 
200 u) - 

1.15. Gas is fluid such as air which has neither 
independent shape or volume but tends to expand indef- 
initely. Two visible pollutant gases are nitrogen 
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dioxide (NO-) , which is brown to yellow, and chlorine, 
which is greenish yellow. 

1.16. Vapour is the gaseous phase of a substance 
which at normal temperature and pressure is a liquid 
or solid, a.o., vapour from gasoline. 

1.17. Most visible plumes are composed of partic- 
ulates. The reasons for particulates being objection- 
able are their effects on 

(a) Mater i -ils {d) Health 

(b) Visibility ( e ) Vegetation 

(c) Incoming sunlight 

The effects of Items (a) through (e) are discussed in 
1.18 through 1.22. 

1-18. Materials. Particulates deposited on clothes, 
automobiles, or houses must be washed off. When 
particulates are accompanied by sulphur dioxide and 
moisture, the rate of corrosion increases. 

1.19. Visibility. Particulates in the air reduce 
the distance that one can see. If this visual range 
is decreased enouqh, it can cause unsafe operation of 
vehicles . 

1-20. Incoming sunlight . Particulate matter in the 

air can cause the sun's ray to be reflected or scattered, 

reducing the heat and light reaching the earth's surface. 

1.21. Health . Increases in respiratory illness and 
even deaths may occur from high particulate concen- 
trations, especially when sulphur dioxide concentrations 
are also high. Bronchitis patients will experience 
symptoms; particles less than 5 u in diameter can reach 
the lungs. 
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1.22. Vegetation . Cement dust can reduce vegetation 
growth and cause its damage. Fluoride dust in the 
presence of water can damage leaves. If the fluoride 
dust is deposited on plants that are eaten by animals, 
the animals can contact fluorotic poisoning. 

1.23. There are complex regulations for restricting 
emissions based on maximum permitted concentrations 
for various contaminants at a point of impingement 
from a source of contaminant. 

1.24. The regulation restricting the allowable opacity 
of a visible emission is the least time consuming and 
the least expensive for a provincial officer to use. 
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Subject: 



Topic: 



IDENTIFICATION 



CLASSIFICATION AND 
IDENTIFICATION OF SOURCES 



Objectives: 

The trainee will be able to: 

1. Describe by name the various shapes 
of a plume, and sketch them; 

2. Identify and describe the type of 
combustion problem or the type of 
fuel by the colour of the smoke 
emission; 

3. Differentiate between the plumes 
emitted from combustion processes 
and industrial processes. 

4. Name four general sources of water 
vapour plumes. 



2. CLASSIFICATION AND IDENTIFICATION OF SOURCES 

2.1. One reason for classifying sources is to aid 
one in discussing their emissions of pollutants. 
Measurements have been made of the quantity and types 
of pollutants emitted for a given amount of fuel or 
raw material used in a process. Using these "emis- 
sion factors", the amount of pollutants emitted from 
power plants, industry, automobiles, etc., can be 
estimated. The arranging of sources into categories 
also makes it easier to point out the similarities in 
plant appearance, process equipment, and collection 
devices . 

1 

2.2. There are several categories into which one can 
divide or subdivide air pollution sources. 

(a) Mobile and stationary sources 

(b) Point and area sources 

(c) Combustion and noncombustion sources 

(d) Industrial, steam-electric, residential, 
and commercial-institutional sources 

(e) Sources burning coal, oil, gas, or wood 
versus sources not burning fuel such as 
forest fires, agricultural fires, or 
solid waste disposal 

(f) Reciprocal engines and continuous 
combustion engines. 

2.3. Point Sources are ones whose emissions exceed 
some designated value (for example, 50 tons/year). 
Sources with smaller emissions can be grouped together 
in some manner (for example, all the residences in a 
certain square mile of a city) to constitute an Area 
Source . 

2.4. An example of a classification system that 
includes all sources is 



2-1 



(a) Fuel Combustion in Stationary Sources 

(1) Industry 

(2) Steam-Electric Power Plants 

(3) Residential 

(4) Commercial-Institutional 

(b) Fuel Combustion in Mobile Sources 

(1) Motor Vehicles 

(2) Vessels 
{3) Railroads 
(4) Aircraft 

(c) Industrial Process Losses 

(1) Chemical Processing 

(2) Food and Agriculture 

(3) Metallurgical 

(4) Mineral Products 

(5) Petroleum Refining 

(6) Pulp and Paper 

(7) Solvent Evaporation and 
Gasoline Marketing 

(8) Other 

(d) Solid Waste Disposal 

(1) Municipal Incineration 

(2) On-Site Incineration 

(3) Open Burning 

(e) Miscellaneous 

(1) Forest Fires 

(2) Structural Building Fires 

(3) Coal Refuse Burning 

(4) Agricultural 

(5) Other 

2.5. These categories can be subdivided further, 
such as into point and area sources; diesel and gas- 
oline powered vehicles; jet and piston-powered air- 
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craft; and particular types of industries. 

Identification 

2.6. Without experience an officer must use various 
methods and clues to determine the origin of the 
visible plumes he sees. 

2.7. To learn the nature of the process, he may use 
books from the library or other sources describing 
manufacturing . 

2.8. The officer can learn about the processes and 
their emissions by asking questions of his associates 
and of plant operators, by observing process oper- 
ations, and by taking photographs of manufacturing 
operations and noting the similarities between types 
of operations. 

2.9. Clues to the origin of emissions can be obtained 
from 

(a) The Company's name 

(b) Directory of Manufacturers 

(c) Air Pollution files of permits for 
construction or for operation 

(d) Surroundings of the source such as objects 
sitting in the yard. These might include 
the fuel used, the raw materials, the 
products, the waste material, and the trucks 
for carrying out the product 

(e) The shape of the building housing the 
process 

(f) Whether the source of emissions is a 
stack or whether the emissions consist of 
dust coming out of the building — called 
fugitive dust 

(g) Colour of the plume 
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(h) Odour 

(i) Effects on metal structures, paint, 
vegetation, etc. 

(j) Any collection devices for particles 
such as scrubbers, cyclones, electric 
precipitators, baghouses, ponds, etc. 

(k) Flares for burning waste gases 

(1) Any equipment that is visible such as 
furnaces, towers, rotary driers 

(m) Any variation of the plume during the 
day or during the year which miqht 
indicate start-up operations, batch 
operations, or changes in operation 
with weather; is it a continuous 
process for 24 hours a day or does it 
ceasa at the end of the work day? 

2.10. The officer should be able to identify the 
nature of the particulate, whether it is dust, fume, 
smoke, mist, vapour or gas. 

2.11. If he knows what type of manufacture is going 
on, then he should be able to identify the possible 
component manufacturing processes and their equipment 

2.12. The officer should determine whether the 
emissions are in the form of 

(a) A plume 

(b) A cloud which has become completely 
divorced from its source 

(c) A haze which exists over a portion 
but not all of a community indicating 
that a local problem is present 

(d) "Fugitive" emissions which do not come 
out of a stack but from windows and 
other openings in a building. 
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2.13. If the emissions are in the form of a plume, 
the officer should note 

(a) Whether the plume forms at the top of 
the stack or a few feet above the 
stack (a detached plume) (See Figure 
2-1) 

(b) The body of the plume and how far it 
rises before bendinq over; its shape 
after it bends over can be described 
as looping, coning, fanning, lofting, 
or fumigating (See Figure 2-2) 

(c) The point at which it dissipates; (See 
Figure 2-1) this may indicate whether 
the emission is smoke, fume or contains 
water vapour. A fume consists of 
relatively heavier molten liquid 
droplets which rapidly condense to a 
solid or a mist at a dissipation point 
which is closer to the stack outlet 
than in the case of smoke particles. 
The water vapour portion of a plume may 
evaporate leaving particulate matter 
which persists for a longer distance. 

2.14. For smoke emissions, the colour is an 
indication of the type of combustion problem or the 
type of fuel : 

(a) Black or grey smoke indicates that the 
material is being burned with 
inadequate air or inadequate mixing of 
fuel and air. 

(b) White smoke indicates either that the 
fire is being cooled by excessive 
draughts of air or that the materials 
beina burned contain excessive amounts 
of moisture. 

(c) Brown or yellow smoke indicates the 
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FIG. 2-1 . STRUCTURE OF A PLUME 
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burning of a semi-solid tarry- 
substance such as asphalt or tar 
paper. Generally, this fuel has not 
been raised to a temperature that is 
hot enough for best combustion and the 
mixing with air is inadequate. 
(d) Blue smoke often results from the 
burning of trash which consists of 
paper or wood products. The plume is 
composed of small liquid particles and 
contains only a few particles of carbon 
or soot. 

2.15. The officer should make an initial 
identification of a visible plume by placing it in one 
of the following classes: 

(a) Emissions from stationary combustion 
sources which are operated to produce 
energy 

(b) Emissions from mobile engines (e.g., 
gasoline, diesel, jet) 

(c) Emissions that are primarily or 
totally water vapour 

(d) Emissions of particulate matter from 
industrial processes 

(e) Particulate emissions accompanying 
construction or demolition 

(f) Emissions of visible gases 

(g) Emissions from open-burning, 
agricultural burning, and construction 
site fires. 

2.16. The officer should be familiar with all of the 
sources of emission, the process equipment and the 
control devices which are located in his area. 

(a) Sources of visible plumes 



(1) Steam-electric power plants 

(2) Steam generating facilities 
for institutions and schools 

(3) Incineration equipment such as 
tepee burners, single-chamber 
incinerators, etc. 

(4) Furniture, lumber, and wood 
products industry 

(5) Cement plants 

(6) Carbon black plants 

(7) Soap and detergent manufacture 

(8) Petroleum refineries 

(9) Steel mills 

(10) Asphalt batching plants 

(11) Phosphate fertilizer 
manufacture 

(12) Phosphoric acid manufacture 

(13) Pulp and paper manufacture 

(14) Lime plants 

(15) Copper, lead, and zinc smelters 

(16) Nitric acid manufacture 

(17) Coke manufacture 

(18) Grey iron foundries 

(19) Vehicles powered by internal 
combustion engines 

(b) Manufacturing process equipment 

(1) Furnaces 

(2) Kettles 

(3) Ovens 

(4) Cupolas 

(5) Kilns 

(6) Dryers 

(7) Roasters 

(8) Towers 

(9) Cookers 

(10) Digesters 

(11) Quenchers 
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(12) Columns 

(13) Stills 

(14) Crucibles 

(15) Regenerators 

(16) Flares 

(c) Air pollution collection devices 

(1) Cyclones 

(2) Baghouses 

(3) Electrostatic precipitators 

(4) Wet collectors 

(5) Scrubbers 

(6) Dry centrifugal collectors 

(7) Venturi scrubbers 

(8) Afterburners 

(9) Fabric filters. 

Water Vapour Plumes 

2.17. Water vapour can be emitted from 

(a) Drying operations which remove water 
by evaporation from foods, chemicals, 
detergents, paper, pharmaceuticals, 
ores, etc. 

(b) Combustion in which hydrogen 
containing fuels are used. This is 
especially true of natural gas 
combustion and the burning of wet fuel 

(c) Air pollution control devices which 
use water to remove the gases or 
particulates from the gas stream (for 
example, spray chambers, spray towers, 
and venturi scrubbers) 

(d) Evaporation of water to remove 
combustion or chemical reaction heat 
from a process (for example, forced 
and natural draught cooling towers, 
operations for cooling hot gases to 
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protect pollution control equipment, 

removal of the heat generated in the 

thermal process of producing phosphoric 
acid) . 

2.18, The visible water plumes may be objectionable if 
they 

(a) Contribute to the formation of ground 
fogs which obscure visibility for 
automobiles or airplanes 

(b) Contribute to icing conditions when 
they come in contact with very cold 
surfaces 

(c) Combine with some other gas (such as 
sulphur trioxide) to form a harmful 
pollutant (such as sulphuric acid) 

(d) Are aesthetically displeasing to the 
neighbours . 

2.19. If visible wet plumes must be eliminated, 
several methods are available: 

(a) Dilution of the plume by mixing it 
with hot air 

(b) Superheating the plume prior to 
emission so that it will disperse 
before it condenses 

(c) Condensing the water out of the plume 
by cooling it prior to emission. 

These are all expensive, however. 
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Subject: 

VISIBLE EiMISSIQNS 
IDENTIFICATION 



Topic : 3 

LEGAL ASPECTS 



Objectives: 

This topic is included in the manual for 
additional information purposes only, to 
familiarize the trainee with the 
evolution of environmental law, the 
constitutional aspects, and related case 
law. 

The written examination for certifica- 
tion, therefore, will not contain 
questions on this topic. 



3 . LEGAL ASPECTS 
History of Environmental Law 

3.1. Environmental law as we now know it evolved from 
the common law of nuisance. The common law is an 
unwritten body of law, developed over the centuries by 
judges hearing the claims of competing litigants, and 
set out not in codes or statutes or text books but in 
the records of their decisions, in individual cases. 

3.2. The common law of nuisance had 2 branches: 
private nuisance and public nuisance. 

3.3. Private nuisance was a civil wrong. Where a 
person wrongfully caused or permitted a harmful thing 
like smoke, smell, noise, heat or vibration to escape 
from his land onto the land of another person, thereby 
disturbing him in the enjoyment of his land, then he 
could be restrained from continuing to do so by 
injunction, or required to pay damages, or both. 

3.4. Public nuisance was a criminal offence. It 
differed from private nuisance in that the nuisance 
had to be so widespread in its range or indiscriminate 
in its effect as to materially affect the reasonable 
comfort and convenience of a class of her Majesty's 
subjects - for instance, smoke obscuring visibility on 
a roadway. 

3.5. In Canada, in 18 97, the common law of public 
nuisance was codified in the predecessor to Section 
176 of the Criminal Code. 

3.6. As knowledge of the harmful effects of pollution 
grew and became widespread and as people's expectations 
in relation to health, comfort and aesthetic values 
grew, it was recognized that the common law could not 
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be relied on as a suitable instrument for controlling 
the emission of contaminant into the natural environment, 

3.7. The civil law was little used because most people 
lacked the necessary financial and intellectual 
resources to pursue their rights and because polluting 
industries often constituted the economic basis of 

their communities. 

3.8. The criminal law presented difficulty because of 
the necessity in all cases to prove criminal intent, 
and also because community consciousness has still not 
developed to the point of recognizing pollution as a 

crime. 

3.9. In addition the common law could shut down an 
industry, require it to pay damages, a fine, or even 
imprison an offender and it could not require anyone 
to take positive steps to abate emissions. 

3.10. In 1949, The Municipal Act was amended to 
authorize cities to pass by-laws prohibiting or 
regulating the emission of smoke, dust, fly-ash, soot, 
fumes and other products of combustion from furnaces, 
incinerators, open fires, boilers, stacks and other 
devices , 

3.11. In 1958 The Air Pollution Control Act was 
passed. This Act authorized municipalities to pass 
by-laws for prohibiting or regulating the emission 
from any source of air contaminants. It also 
specifically authorized by-laws for prohibiting the 
emission of any air contaminant having a density 
greater than density 2 as determined on a Ringelmann 
Chart. 

3.12. In 1967, The Air Pollution Control Act 
transferred responsibility for air pollution from 



municipalities to the province. In 1971 this Act was 
repealed and re-enacted as part of The Environmental 
Protection Act. 

Constitutional Aspects 

3.13. Canada, unlike the United States and many other 
countries, does not have its constitution embodied in 
a single document. The Canadian constitution is to be 
found in a whole series of Acts passed by the British 
Parliament, certain traditions and practices that have 
been followed over the years, and the interpretation 
placed by the courts upon the various constitutional 
statutes . 

3.14. Because Canada is a federal state, legislative 
power has been divided between the federal government 
and the provincial governments. Fortunately, a list of 
the classes of subjects in relation to which each 
government may legislate has been set forth in the 
British North America Act, 1867. Unfortunately, as 
some of the classes are vague and general it is not 
clear whether a particular enactment falls within it. 

3.15. This problem has arisen in respect of The 
Environmental Protection Act, 1971. In R. v. Lake 
Ontario Cement Limited (1973) 11 CCC 141 the defendant 
was charged with emitting the contaminant noise into 
the natural environment impairing its quality for 
recreational use, contrary to Section 14{1) (a) of The 
Environmental Protection Act, 1971. 

3.16. Section 91 of The British North America Act 
assigns power to make laws for the peace, order and good 
government of Canada, and criminal law, exclusively 

to the federal government. 

3.17. Section 92 of The British North America Act 
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assigns power to make laws in relation to property 

and civil rights, as well as local matters, exclusively 

to the provincial governments. 

3.18. In the Lake Ontario Cement case, it was 
argued that legislation in relation to pollution is 
a matter of national concern and, therefore, falls 
within the exclusive jurisdiction of the federal 
government to make laws for the peace, order and good 
government of Canada. It was also argued that Section 
14 is really criminal law and in conflict with the 
nuisance provisions of Section 176 of the Criminal 
Code and, therefore, within the exclusive jurisdiction 
of the federal government. 

3.19. The Appeal Court held that the matters dealt 
with by Section 14 of The Environmental Protection Act, 
1971 were property and civil rights, local and 
provincial and fell within the classes of subjects 
assigned exclusively to the provinces and Section 92 

of the British North America Act. Therefore, Section 
14 of The Environmental Protection Act, 1971 was con- 
stitutional . 

3.20. Section 8 of Regulation 15, which deals with 
visible emissions was not specifically considered by 
the Appeal Court in the Lake Ontario Cement case. 

3.21. But, Section l(i) of Regulation 15 defines a 
visible emission as a contaminant and Section 1(c) 
of The Act defines contaminant in the same terms as 
the prohibition in Section 14. Section 8 then 
prohibits the emission of certain types of contaminant 
in excess of a certain standard - opacity. So 
logically, the Lake Ontario Cement case also covers 
Section 8 of Regulation 15. 
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Case Law 

3.22. In the introductory material it was pointed out 
that modern environmental law evolved from the common 
law of nuisance, a body of law that was literally 
made by judges. Modern environmental law has been 
made by the legislature. But because many words and 
expressions in the English language are ambiguous: 

or imprecise and because it is difficult when framing 
legislation to foresee its application to all possible 
circumstances, problems arise with respect to its 
interpretation. So the courts still have a vital role 
to play in lawmak±, -, . 

3.23. One English judge had this to say in 1890, and 
it is still true in Ontario today: 

"From which cause it appears that the sages 
of the law heretofore have construed statutes 
quite contrary to the letter in some appearance, 
and those statutes which comprehended all things 
in the letter, they have expounded to extend but 
to some things, and those which generally prohibit 
all people from doing such an act, they have in- 
terpreted to permit some people to do it, and 
those which include every person in the letter 
they have adjudged to reach to some persons only, 
which expositions have always been founded on the 
intent of the Legislature, which they have 
collected sometimes by considering the cause 
and necessity of making the Act, sometimes by 
comparing one part of the Act with another, and 
sometimes by foreign circumstance. So that they 
have ever been guided by the intent of the 
legislature, which they have always taken accord- 
ing to the necessity of the matter and 
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according to that which is consonant 
to reason and good discretion." 

We can express it more simply by saying that 
the courts will interpret the provisions of a statute 
fairly and liberally in order to achieve the purpose 
of the Act. 

3.24. Although there have been many prosecutions 
under Section 8(1) of Regulation 15, the courts 

have given us very little assistance in the interpretation 
of its provisions. The judgments which do relate 
to visible emissions prosecutions are the following: 

3.25. Regina v. Union Carbide Canada Limited 

Decided by: His Honour Judge G.G. Nicholls 

In The: County Court for the Judicial District of 
Niagara South 

On: August 27, 1974 

Charge: Cause or permit the emission of smoke having 
a density greater than density one contrary 
to Regulation 15, Section 8(1). 

Argument: Regulation 15, Section 7(3) provides that 
only a provincial officer can determine smoke density 
by a smoke density chart. The Environmental Protection 
Act, 1971, Section 82 defines provincial officer as a 
person designated in writing by the Minister. Therefore, 
a charge under Section 8 (1) cannot be proven unless 
a certified copy of the designation by the Minister 
is produced. 

Decision: It is sufficient if the provincial officer 
himself testifies that he is a provincial officer. 

Relevance: Section 7(3) now restricts the determination 
of the opacity of a visible emission to a provincial 
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officer trained by the Ministry in the identification 
of opacity. 

3.26. Regina v. Industrial Tankers 

Citation: (1968) 2 O.R. 142 

Charge: Causing or permitting the discharge or 

deposit of machine oil into a creek that 
might impair the quality of the water 
contrary to Section 27 (1) of The Ontario 
Water Resources Act. 

Argument: The words "cause or permit" imply guilty 
knowledge, or criminal intent (usually called "mens 
rea"). Therefore a charge is not proven unless it 
is shown that the defendant intended to cause or 
permit the circumstances resulting in the discharge 
that might impair water quality, to happen. 

Decision: It is not necessary to prove mens rea. 
To succeed the Crown must prove that the discharge 
was the result of an act or omission by the defendant 
or one of its employees which the defendant had the 
power and authority to prevent, and could have prevented, 
but did not prevent. 

Relevance: Since the words "cause or permit" are 
also used in Regulation 15, Section 8(1) this decision 
applies to charges under this section. 

3.27. Regina v. Matspeck Construction Co. Ltd. 

Citation: (1965) 2 OR 730 

Charge: Discharge or deposit or cause or permit the 
discharge or deposit of material into a 
watercourse that may have impaired the quality 
of the water contrary to Section 27 (1) of 
The Ontario Water Resources Act. 

Argument: The information was bad because it alleged 
more than one offence as it alleged that the defendant 
discharged or deposited, or caused or permitted the 



discharge or deposit. Each of these things is a 
separate action and constitutes a separate offence. 

Decision: The information was good. It alleged 

only one offence although it outlined several different 

ways in which that offence might have been committed. 

Relevance: An information alleging that someone 
caused or permitted a visible emission that obstructed 
the passage of light could be challenged on the 
same ground. 

3.28. Metro Auto Wreckers Limited v. Regina 

Decided by: His Honour Judge W.A. Maedel 

In the: County Court for the County of Peel 

On: February 6, 1973 

Charge: Causing or permitting the emission of smoke 
having a density or opacity greater than 
density one. 

Facts: The defendant operated a scrapyard. After 
it was closed and locked a pile of tires went on fire. 
It was not started by the defendant or its employees. 
The defendant put it out as soon as he learned of it 
and then left the site. The fire started again and 
the smoke observation was made then. The defendant 
did not leave anyone at the site to see that the 
fire did not break out again and the bulldozers used 
the night before were not in working order the next 
morning. 

Argument: The defendant should not be convicted 
because it had no mens rea. 

Decision: The emission was the result of an omission 
of the defendant to have someone watch the fire after 
it was extinguished. As mens rea is not required, 
the defendant was guilty. 

Relevance: This case illustrates that a defendant 
may be convicted in respect of an emission it did not 
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cause if it could have prevented it. 

3.29. Regina v. Peconi 

Citation: (1970) 3 O.R. 693 

Charge: Emitting an odour causing discomfort to 
persons contrary to Regulation 449/67 - 
(now Regulation 15, Section 6). 

Facts: Two ladies living near a rendering plant 
were awakened at night by an odour and had to close 
their window. 

Argument : There was no evidence that the odour had 
persisted for a sufficient period of time to constitute 
a violation. 

Decision: It is not necessary that the odour persist 
over any specified period of time. 

Relevance: This reasoning would also apply to a visible 
emissions prosecution. But it is better practice 
not to lay charges for merely fleeting emissions. 
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MJBJFCT : 

VISIBLE EMISSIONS 
IDENTIFICATION 



Topic: 4 

PROVING YOUR CASE 



Objectives: 

The trainee will be able to: 

1. Define: 

(a) "opacity" 

(b) "point of emission" 

(c) "visible emission"; 

2 . State who can determine the opacity 
of a visible emission; 

3. Outline the essential elements of 
Ontario's visible emissions standard 

(Reg. 15, Sec.8(l)(b) and (2Mb))? 

4 . List the following essential items 
of evidence which must be 
established to prove a violation of 
Section 8(1) of Regulation 15: 

(a) Correct name of defendant 

(b) Place of commission of offence 

(c) Date of commission of offence 

(d) Nature of contaminant emitted 

(e) Emission was visible 

(f) Emission caused or permitted by 
defendant 

(g) Expert witness - trained 
provincial officer 

(h) Circumstances surrounding 

opacity observations 
(i) Degree of obstruction of passage 

of light; 

5. List the following additional items 
of evidence necessary to assist the 
court in assessing penalty: 

(a) Circumstances surrounding the 
incident 

(b) Harmful effects 

(c) Record of the defendant. 



4. PROVING YOUR CASE 
Relevant Legislation 

4.1. The first step in learning to prove a case is 

to become familiar with the provisions relating to the 
charge. All of the things which must be proven will 
be found in these provisions : 

4.2. Regulation 15, section 1(g) (ii) , (h) and (i): 

1. (g) "opacity" means, 

(ii) the degree to which a visible emission 
obstructs the passage of light; 

(h) "point of emission" means the point at 
which a contaminant enters the natural 

environment; 

(i) "visible emission" means any contaminant 
which can be detected by the naked eye. 

4.3. Regulation 15, Section 7(3): 

7. (3) For the purpose of enforcing the Act 

and this Regulation no person other 
than a provincial officer who has been 
trained by the Ministry in the ident- 
ification of opacity shall determine 
the opacity of a visible emission. 

4.4. Regulation 15, section 8(1) (b) and(2)(b): 

8. (1) Subject to subsection 2, no person shall 

cause or permit to be caused a visible 
emission, 

(b) that obstructs the passage of light 
to a degree greater than twenty per 
cent at the point of emission. 
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(2) A visible emission from a source of 
combustion employing solid fuel may, 
(b) obstruct the passage of light to 
a degree greater than twenty per 
cent but not greater than forty 
per cent: at the point of emission, 
for a period of not more than four 
minutes in the aggregate in any thirty- 
thirty-minute period. 

4.5. The Environmental Protection Act, 1971, 

Section 1 (c) 

1. In this Act, 

(c) "contaminant" means any solid, liquid, 

gas, odour, heat, sound, vibration, rad- 
iation or combination of any of them re- 
sulting directly or indirectly from the 
activities of man which may, 
(i) impair the quality of the natural en- 
vironment for any use that can be made 
of it , 
(ii) cause injury or damaae to property or 
to plant or animal life, 
(iii) cause harm or material discomfort to 
any person, 
(iv) adversely affect the health or impair 
the safety of any person, or 
(v) render any property or plant or animal 
life unfit for use by man; 

4.6. The Environmental Protection Act, section 82: 

82. The Minister may designate in writing one or 
more officers or employees of the Ministry or 
other persons as provincial officers for the 
purposes of any section or Part of this Act 
or any regulation or section of any regula- 
tion relating thereto. 
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The Environmental Protection Act, section 84(1) and (3): 

4.7. 84.(1) For the purpose of the administration of 
this Act and the regulations, a provinc- 
ial officer may / from time to time and upon 
production of his designation, enter at 
any reasonable time any building, structure, 
machine, vehicle, land, water or air and 
make or require to be made such surveys , 
examinations, investigations, test and in- 
quiries, including examinations of books, 
records and documents, as he considers nec- 
essary, and may make, take and remove or 
may require to be made, taken or removed 
samples, copies or extracts. 

(3) Every person responsible for a source of 
contaminant shall furnish such inform- 
ation as a provincial officer requires for 
the purposes of this Act or the regulations. 



4.8. Evidence of Violation of Regulation 15, Section 8 (1) 

In order to prove a violation of section 8 (1) (b) of 
Regulation 15, we must establish the following: 

4.9. (a) Correct name of defendant. 

If the defendant is a human being, then he may be 
charged in the name by which he is commonly known. But 
if he does use a nickname it is better to give his real 
name as well, for instance, "Charles Smith also known as 
Chuck Smith". If he carries on business under a trade 
name, then both names should be given, for instance, 
"Charles Smith, carrying on business as Chuck's Auto Body" 

If the defendant is a partnership, then the names 
of all partners as well as the names under which they 
carry on business should be given, for instance, "Charles 
Smith and Peter Brown carrying on business as Metro 
Printers" . 
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If the defendant is a corporation, then normally 
the name will include the word "Limited". 

You may verify trade names by ordering a cert- 
ificate from the register at the Ministry of Consumer and 
Commercial. Relation, 965-7581, to be mailed or picked 
up at 555 Yonge Street, Toronto. 

You may verify corporate names by ordering a 
certified copy of the annual return of the same Ministry 
at 965-2556 to be mailed or picked up at 555 Yonge Street 
Toronto . 

Taking time to obtain these certificates will 
eliminate the possibility of dismissal of the charge due 
to incorrect identification of the defendant. 

4.10 <b) Place of commission of offence. 

You may verify this by obtaining a certified 
copy of the extract from the assessment roll from the 
clerk of the municipality. 

4.11 (c) Date of commission of offence. 

4.12 (d) Nature of contaminant emitted. 

Two separate components are included here. The 
nature of the contaminant should first be described in 
layman's terms, i.e. smoke from an incinerator. It 
should then be described in terms of the requirements 
of section 1(c) of the Environmental Protection Act, 
1971 which defines "contaminant". This is essential 
because the powrur to reaulate is limited to regulation 
in relation to contaminants, and a visible emission is, 
by definition, a contaminant. 

Therefore, your testimony must establish all of 
the elements of the definition of a contaminant: 
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(i) solid, liquid, gas or combination 
(ii) results from activity of man 
(iii) potentially harmful effects. 

4.13. (e) Emission was visible i.e. could be detected 
by the naked eye. 

If you wear glasses you should take them off and 
look at the emission to establish that it can be detected 
by the naked eye, but you may use them to take your reading, 

4.14. (f) Emission caused or permitted by the defendant. 
This may be proven by showing that the defendant 

operated the plant from which the emission originated, or 
in the case of an open fire, that the defendant was re- 
sponsible for setting it, or having become aware of its 
existence, failed to act to put it out. This evidence 
is gathered by talking to the defendant or its employees 
about the circumstances surrounding the emission and can 
be used as an admission. 

Before having any telephone conversation with a 
plant operator, meet the man so that you can later iden- 
tify his voice on the phone. 

4.15. (g) Expert witness. 

Only a provincial officer, trained in the identif- 
ication of opacity, is entitled to testify as to the 
opacity of a visible emission. Therefore, before giving 
your evidence with respect to your observations, you must 
satisfy the court that you are qualified as an expert by 
training. You should be prepared, therefore, to describe 
your course and to give your test results. You may also 
outline your experience with enforcement of this regul- 
ation and its predecessor. 

4.16. (h) Circumstances surrounding opacity observations. 
The manual outlines certain conditions which should 

be met in order to assist you in making an accurate 
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determination of opacity. Therefore, before stating 
the opacity you should cover these condition, which are 
as follows; 

(i) position of sun 
(ii) wind direction 
(iii) the angle at which your reading was 
taken in relation to wind direction 
(iv) identify the point of emission 
(v) identify any contrasting background 
i.e. trees, buildings 
(vi) your distance from the point of emission. 

It would be helpful if you were to prepare a sketch 
to illustrate these points and, if the emission is dram- 
atic, take a photograph. If it is not dramatic, do not 
bother. We do not want the Judge to substitute his 
judgment for yours. 

If you take a picture of a plume, you should know 
what operation or process is going on in the plant at the 
time of the picture. Record the time, weather, film 
type, exposure setting, lens type, and distance from the 
plume. A photograph of the source can be taken before 
or after, but not during, the observation. Photographs 
do not always give a true reproduction of plume colour. 

4.17. (i) Degree of obstruction of passage of light. 

Having established all of these facts you may then 
state the opacity of the visible emission. 

The basic portion of the observation report should 
record the visible emissions observed, showing the con- 
tinuous time intervals for each opacity and colour change. 
The officer should note to the nearest quarter minute the 
beginning and ending observation times for each change of 
opacity or colour. It is suggested that a violation notice 
not be issued to the owner of the equipment unless it is 
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in violation for at least 1 minute longer than the legal 
limit and for 10 per cent opacity greater than the legal 
limit . 



4.18. Evidence Relevant to Penalty 

In assessing penalty, the court will be influenced 
by the following factors: 

4.19. (a) Circumstances surrounding the incident. 

If the emission is from an industrial process you 
should outline for the court the following information: 

(i) what the plant makes 
(ii) simple description of the part of the 
process giving rise to the emission 
- illustrate with a sketch, 
(iii) reason for the emission - lack of 
control equipment, breakdown, etc. 
(iv) length of time during which emission 
persisted 
(v) action taken to correct situation 

If the emission is from an open fire you should 
outline for the court 

(i) the business of the defendant 
(ii) the type of materials burned 
(iii) any advantage to disposing of waste 
this way 
(iv) the extent of the blaze 

(v) any action to control it or put it out 
(vi) length of time during which burning 
continued . 
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4.20. (b) Harmful effects: 

Look for the type of effects contemplated in section 
14(1) of the Act or section 6 of Regulation 15. 

Check these points. 

(i) plume blowing across highway 

causing obscuration of visibility 
(ii) plume blowing across residential 
properties causinq malodours or 
soot deposits 
(iii) plume causing aesthetic blight in 
public recreational area 
(iv) plume contributing to overall deterior- 
ation of ambient air quality in area- 
It will be useful in illustrating some of these 
points to obtain a map of the area or to prepare a sketch 
yourself. If the case is a big one, aerial and ground 
shots can be arranged through Information Services. 



4.21. (c) Record of the defendant. 

It is important to show whether the incident was 
an isolated occurrence or whether it was part of a 
pattern, because this type of evidence will assist the 
court in assessing the attitude of the defendant. You 
should also know something about our record - whether 
we have been diligent in our efforts to secure abatement 
as this is likelv to arise in cross-examination. 
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SLIBJECI: 

VISIBLE EMISSIONS 
IDENTIFICATION 



Topic: 5 

WITNESSMANSHIP 



Objectives: 

The trainee will be able to: 

1. List the following essential points 
relating to the taking, and use, of 
notes : 

(a) Take accurate notes 

(b) Take detailed notes 

(c) Take them at the time of the 
violation or very soon after- 
wards 

(d) If typed, sign them 

(e) Date them 

(f) Review them before the trial 

(g) Take them into the witness box 
for reference 

(h) Include only the facts of the 

case 
(i) Alterations must be dated (and 

explained) 
(j) Each officer to make his own; 

2. List the following rules of 
behaviour when in court as a 
witness : 

(a) Be neat and clean 

(b) Avoid talking during court 
proceedings 

Address the judge as "Your 
Honour", the defence lawyer as 
"Sir" or "Madam" 
Give evidence slowly 
Take time to think out your 
answer 

Listen carefully to the 
questions and be sure you 
understand before answering 
If you have difficulty with a 
question, ask to have it 
repeated or rephrased 
If you cannot simply answer 
"Yes" or "No", say so 

(i) Try to remain calm and detached 
(j) If you make an error correct it 

as soon as possible 
(k) During a recess do not discuss 

your testimony with anyone 

except your lawyer . 



(c) 



(d) 
(e) 

(f) 



(g) 



(h) 



5- WITNESSMANSHIP 

Court Procedure 

5.1. At the opening of proceedings the charge is read 
to the defendant by the Court Clerk and he is asked 
how he pleads. He may plead guilty or not guilty. 

If the plea is "not guilty" , then the trial will 
proceed. 

The prosecution must then call all of its wit- 
nesses to establish its case. If, after all of these 
witnesses have been heard, the court is not satisfied 
with the evidence, it may dismiss the charge. If the 
court is satisfied that the case has been established 
then it will hear the evidence for the defence. If 
the defence raises new issues then, after all of its 
witnesses have been heard the prosecution may call 
additional witnesses in reply. 

After all of the evidence has been heard the law- 
yers present argument and the court determines whether 
on the basis of all of the evidence the defendant is 
guilty or not guilty. 

You will be examined in 3 stages. First, you 
will be examined in chief by your own lawyer to elicit 
all of the facts upon which we rely to prove our case. 
Then you will be cross-examined by the defence lawyer. 
During cross-examination he will test your evidence 
by seeking to determine whether you had the opportun- 
ity to observe what you say you observed, and whether 
your opinions are well-founded. He may raise new issues 
which were not covered during examination in chief. 
When cross-examination is complete, you may be re- 
examined by your own lawyer with respect to any new 
matter raised on cross-examination. 
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Evidence 

5.2. The general rule of evidence is that a witness 
may state only facts directly observed by him, i.e. 
what he saw, smelled, heard. He may not state his 
opinion based on those facts. It is up to the court _ 
to draw the proper inferences. 

In certain cases however, special skill or know- 
ledqe are necessary to draw the proper inferences from 
facts. In these cases an expert is permitted to state 
his opinion. 

In every prosecution under Section 8 CD of Regul- 
ation 15, you will testify in both capacities. Your 
testimony with respect to the date, time, place, weather, 
plant process etc., is testimony as to facts directly 
observed by you. But your testimony with respect to the 
opacity of the visible emission is an opinion based upon 
special skill acquired by training and maintained by 
practice . 

In addition to these basic types of evidence, you 
will identify documentary evidence in the form of maps, 
sketches or photographs prepared by you or under your 
supervision and offered to the court to assist it by 
illustrating your testimony. You will also give evidence 
based on admissions by the defendant or its employees 
with respect to the incident. 

Notes 

5.3. Because a trial may take place many months after 
the violation occurred, it is important to take accur- 
ate, detailed notes at the time of the violation or 
soon enough afterwards that the facts were still fresh 
in your memory. The notes may be in your own hand- 
writinq or typed. If they are typed, then they should 
bo siqnod. All notes should be dated. 
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It is quite permissible to review your notes 
shortly before trial to refresh your memory and then 
to give your evidence without reference to the notes. 
It is also permissible to take your notes into the wit- 
ness box and refer to them from time to time. Before 
referring to notes in the witness box however you must 
satisfy the court that they were made by you at the 
time of the violation, or soon enough thereafter that 
the facts were still fresh in your memory, and that 
the information recorded was true. 

If you do have to refer to your notes then it is 
likely that defence counsel will examine them. There- 
fore, when making them do not include anything except 
the facts of the case. If there are alterations, then 
you must be prepared to explain when and why they were 
made. If alterations are made subsequently, they should 
be dated. 

If you conduct an investigation with someone else, 
then each of you should make your own notes. It is 
permissible for another person to refresh his memory 
from your notes however if he read them over at the 
time they were made, or while the facts were still 
fresh in his memory and was satisfied with their accur- 
acy. . 

Behaviour in Witness Box and in Court 

5.4. Your physical appearance is very important in 
creating a good impression. Therefore, you must be 
neat and clean. A shirt, tie and sports jacket are 
minimum requirements. 

Address the judge as "Your Honour", the defence 
lawyer as "Sir" or "Madam". 

While in the courtroom waiting to be called sit 
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quietly in your place and avoid talking to anyone or 
commenting on the proceedings. 

Try to give your evidence slowly, so that the 
judge and court reporter can record it. Take time to 
think about the answer to a question before you give it. 

Listen carefully to the questions and be sure that 
you understand them before answering. If you have 
difficulty with a question, ask to have it repeated, or 
if necessary rephrased. 

Some questions can be answered "yes" or "no" but 
to answer other questions without full explanation or 
qualification can be misleading. So do not allow your- 
self to be rushed through a question with an incomplete 
answer. Sometimes on cross-examination a lawyer will 
demand a "yes" or "no" answer. If this would be incomp- 
lete or misleading then advise the court of this and 
you will be directed to answer fully. .• 

Defence counsel employ various techniques on cross- 
examination. Some of these techniques are calculated 
to confuse and upset you. If your evidence is true, and 
if you take time to listen carefully to the questions, 
and insist on answering them fully and carefully, then 
you have nothing to fear. If however, you allow your- 
self to be drawn into a feud with the defence lawyer, 
you may well emerqe a loser. 

Some of the destructive techniques employed are 
as follows: 

(a) Insult the witness - suggest that he is 
biased, that his investigation is in- 
complete, that he does not know what he 
is talking about . 
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(b) Shout at the witness and display anger 
and disbelief at his answers. 

(c) Rush the witness through a series of 
questions leading to a conclusion which 
follows logically from the answers, but 
is wrong because some fact or qualific- 
ation has been omitted. 

In a recent case all of these techniques were 
employed with varying success. Perhaps the best way 
to guide you in dealing with these techniques is to 
give examples. 

On cross-examination, the defence lawyer suggests 
that your testimony is biased, incompetent and that you 
are a fool. He then asks you if you feel that you are 
in an adversary position. If you say "no", it may 
appear that you are admitting that you were biased or 
incompetent. Also no judge will believe that a person 
who has been humiliated does not feel that he is in 
an adversary position. If you say "yes", it may appear 
that you are prepared to slant your testimony to defeat 
the defence lawyer. The best way to handle this is 
just to respond honestly as a human being. Say that 
when you conducted your investigation and prepared your 
report you did not feel that you were in an adversary 
position but that the conduct of the defence counsel 
has made you feel that you are in an adversary position, 
This establishes you as an honest, normal guy, and the 
defence lawyer as a scoundrel. 

If you are asked a series of questions, leading 
logically to a certain conclusion that is wrong, then 
admit the conclusion does follow logically but explain 
what was not taken account of and which changes the 
conclusion. If you cannot put your finger on the flaw, 
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then say that you feel it is wrong and cannot at the 
moment see the reason hut would like to think about 
it and answer later. 

Sometime during your testimony you may make an 
error and give a wrong answer. If this happens it can 
be corrected on re-examination. Sometimes, however, 
an earlier wronq answer will be used on cross-examin- 
ation by the defence lawyer. If this happens, you 
should acknowledge the earlier error and correct it 
at once. 

Sometimes your testimony may be interrupted for 
a brief recess for a luncheon break, or even at the end 
of the day. If you are being cross-examined at this 
point, then you must remember not to discuss your test- 
imony with anyone with one exception - you may discuss 
it with your lawyer. 

You will be glad to know that cross-examination is 
usually quite harmless. Most lawyers ask questions 
which give you an opportunity to bring in all sorts of 
information that we could not introduce in chief, which 
is damaging to the defendant. Usually the type of evid- 
ence that you can give relates to the conduct of the 
defendant over the years, based on information and re- 
ports in the file, and not necessarily on personal 
knowledge . 

In summary, we must recognize that when testify- 
ing you will be in a situation which will subject you to 
stress - even the friendly examination of your own 
lawyer will do this. The best way to deal with it is 
to conduct a thorough, fair investigation, familiarize 
yourself fully with the case before trial, and then 
testify fully, frankly and openly, without suppressing 
your own personality in an attempt to adhere to some 
idea that a credible witness must behave like some kind 
of robot, without feelings, or fears, or weaknesses. 



5-6 



LO£K: 6 



VISIBLE EMISSIONS 
IDENTIFICATION 



METEOROLOGICAL FACTORS IN 
READING OF VISIBLE EMISSIONS 



Objectives: 

The trainee will be able to: 



1. List the distinguishing character- 
istics of high and low pressure 
areas ; 

2. Identify on a weather map the sym- 
bols for the following: 

high pressure area warm front 

low pressure area stationary front 

cold front 

3. List at least two points of informa- 
tion obtained from a weather map 
which an officer could find useful 
in planning his activities; 

4. Identify water vapour plumes; 

5. Estimate sky condition (percentage 
cloud cover) . 



6. METEOROLOGICAL TACTORS IN READING OF VISIBLE EMISSIONS 

Radiation, Stability, and Inversion 

6.1. The incoming radiation from the sun supplies the 
energy for the earth. This energy heats the earth and 
atmosphere and helps drive the winds. 

6-2. The sun's energy is transmitted to the earth in 
many wavelengths (e.g., ultraviolet, infrared, X-rays, 
radar waves) but the majority of it arrives in the 
wavelengths which are visible to human eyes, 0.4 
micron to 0.7 u. 

6.3. When the sun's rays reach the earth and its 
atmosphere they are either reflected, absorbed, 
scattered, or transmitted. They can be reflected by 
smooth snowy surfaces, smooth water surfaces, and 
cloud tops. They can be absorbed by the earth or by 
water vapour, gases, dust, or particulates in the air. 
They can be scattered by small particulates in the 
air such as smog, haze, and mist particles. 

6.4. When the skies are clear, about 70 per cent of 
the sun's radiation which reaches the upper atmosphere 
of the earth is transmitted to the surface and absorbed. 
Under overcast conditions only about 35 per cent of the 
radiation gets through. 

6.5. The earth's surface loses heat by radiation, 
conduction to the air near the surface, and convection 
within the water on the earth. 

6.6. The energy radiated from the earth is not in the 
wavelengths visible to the human eye. However, it is 
in a wavelength which is absorbed by water vapour. 
Thus, this radiation is absorbed by the clouds and 
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water vapour in the air and part of the radiation is 
sent back towards the earth. This "greenhouse effect" 
helps to keep earth warm, even when the sun is not 
shining. The moon has no atmosphere or water vapour, 
therefore its surface is very cold where the sun is 
not shining. 

6.7. -The heat conducted from the earth's surface to 
the air adjacent to the surface is subsequently 
transferred to the air above by convection currents. 
Since the earth's surface is the main source of heat 
for the air within 5 or 6 miles of the surface, the 
temperature on the average, decreases with height in 
this layer. 

6.8. The change of temperature with height in the 
atmosphere is called the lapse rate of temperature. 

6.9. The wind and lapse rate of temperature control 
the dispersion of a plume into the atmosphere. 

6.10. Winds which vary their direction spread a plume 
out over a wide angle. 

6.11. Stronger winds dilute the plume faster. 

6.12. Stronger winds also cause the plume to bend 
over into the horizontal faster and reduce the 

effective stack height . 

6.13. The effective stack height is the distance from 
the ground to the level at which the centre of the 
plume becomes horizontal--the sum of the actual stack 
height and the plume's rise above the stack. 

6.14. Factors that increase the plume rise and the 
effective stack height are the exit velocity of the 
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plume from the stack and the difference in temperature 
between the plume and the air at the top of the stack. 

6.15. The lapse rate of temperature determines the 
stability of the atmosphere. When the atmosphere is 
very stable the plumes spread out sideways and 
vertically very slowly. When the atmosphere is very 
unstable, the plume spreads out or disperses rapidly. 

6.16. When the temperature decreases upward at about 1°C/ 
100 metres, the atmosphere has neutral stability and 

the plume spreads out like a cone (Fiqure 2-2) . This 
particular lapse rate of temperature is called the 
"dry adiabatic" lapse rate (Table 6-A) . 

6.17. If the temperature decreases with height at a 
much slower rate than the dry adiabatic rate or if the 
temperature stays the same with height or if it 
increases with height, the atmosphere is stable and 
the plume does not spread out vertically although it 
may "fan" out in the horizontal (Figure 2-2 and Table 
6-A) - 

6.18. If the temperature decreases with height at a 
greater rate than the dry adiabatic rate, the plume 
will "loop" upward and downward. 

6.19. Temperature Change With Height 

Change With Height Lapse Rate Stability Type 

(a) Decreases at 1°C Dry Adiabatic Neutral 
per 100 metres 

(b) Decreases faster Superadiabatic Unstable 
than 1°C/100 metres 

(c) Decreases slower Subadiabatic Slightly 
than 1°C/100 metres stable 

(d) No change with Isothermal Stable 
height 

(e) Increases with Inversion Very 
height stable 
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Table 



A 



PLUME BEHAVIOR AND RELATED WEATHER 



Description of 
Visible Plume 



Typical 
Occurrence 



Temperature 

Profile- 
Stability^ 



Associated 

Wind and 
Turbulence 



Dispersion and 
Ground Contact 



I 

6» 



Irre ps and 

h random 
/ements; 
es in patches 
.itively rapidly 
with distance. 



Roughly cone-shaped 
with horizontal axis; 
dissipates farther 
down-wind than looping 
plume . 



During daytime with 
clear or partly cloudy 
skies and intense solar 
heating; not favored by 
layer-type cloudiness, 
snow cover or strong 
winds. 



1. Looping 

Adiabatic or super - 
adiabatic lapse rate- 
unstable. 



Light winds with 
intense thermal 
turbulence. 



During windy conditions, 
day or night; layer- 
type cloudiness favored 
in day; may also occur 
briefly in a gust 
during looping. 



2 . Coning 

Lapse rate between dry 

adiabatic and 

isothermal-neutral or 

stable. 



Moderate to strong 
winds; turbulence 
largely mechanical 
rather than thermal. 



Disperses rapidly with 
distance; large 
probability of high 
concentrations 
sporadically at ground 
relatively close to 
stack. 



Disperses less rapidly 
with distance than 
looping plume; large 
probability of ground 
contact some distance 
downwind; concentration 
less but persisting 
longer than that of 
looping . 



Narrow horizontal fan; 
little or no vertical 
spreading; if stack is 
high, resembles a 
meandering river, 
widening but not 
thickening as it moves 
along; may be seen 
miles downwind; if 
effluent is warm, plume 
rises slowly, then 
drifts nor izontallv. 



At night and in early 
morning, any season; 
usually associated with 
inversion layer(s); 
favored by light winds, 
clear skies and snow 
cover . 



3 , Fanning 

Inverted or isothermal 

lapse rate-very stable, 



Light winds; very 
little turbulence 



Disperses slowly; 
concentration aloft 
high at relatively 
great distance down- 
wind; small probability 
of ground contact, 
though increase in 
turbulence can result 
in ground contact; high 
ground level 
concentrations may 
occur if stack is short 
or if plume moves to 
more irregular terrain. 



(Continued) 



Description of 
Visible Plume 



Loops or cone with well 
defined bottom and 
poorly defined, diffuse 
top. 



at 

i 



Fan or cone with well 
defined top and ragged 
or diffuse bottom. 



Typical 
Occurrence 



perature 

Prof ile- 
Stability 



During change from 
lapse to inversion 
condition; usually near 
sunset on fair days ; 
lasts about an hour but 
may persist through 
night. 



4 . Lofting 

Adiabatic lapse rate at 

stack top and above; 

inverted below stack-- 

lower layer stable, 

upper layer neutral or 

unstable. 



Associated 
Wind and 
Turbulence 



Dispersion and 
Ground Contact 



During change from 
inversion to lapse 
condition; usually 
nocturnal inversion is 
being broken up through 
warming of ground and 
surface layers by 
morning sun; breakup 
commonly begins near 
ground and works upward, 
less rapidly in winter 
than in summer; may 
also occur with sea 
breeze in late morning 
or early afternoon. 



5 . Fumigation 
Adiabatic or super- 
adiabatic lapse rate at 
stack top and below; 
isothermal or inverted 
lapse rate above--lower 
layer, unstable or 
neutral , upper layer 
stable. 



Moderate winds and 
considerable turbulence 
aloft; very light winds 
and little or no 
turbulence in layer 
below. 



Winds light to moderate 
aloft, and light below; 
thermal turbulence in 
lower layer, little 
turbulence in upper 
layer. 



Probability of ground 
contact small unless 
inversion layer is 
shallow and stack is 
short; concentration 
high with contact but 
contact usually 
prevented by stability 
of inversion layer; 
considered best 
condition for 
dispersion since 
pollutants -are 
dispersed in upper air 
with small probability 
of ground contact. 



Large probability of 
ground contact in 
relatively high 
concentration , 
especially after plume 
has stagnated aloft. 



Table 6 



(continued) 



£.20.. The types of temperature inversions important 
in air pollution are the nocturnal or radiation 
inversion and the subsidence inversion. 

6.21. The nocturnal inversion forms at night when the 
ground cools off by radiating its heat outward to 
space. How deep and strong this inversion is depends 
upon the wind speed and the rate of cooling of the 
surface. 

6.22. The wind must be light (less than 5 mi./hr.) 
for an inversion to form. Stroncf winds will mix the 
air and maintain a temperature decrease with height. 

A lack of any wind will cause the inversion to be very 
shallow but very pronounced, since the exchange of 
heat between the air and the ground will be very .slow. 

6.23. The nocturnal inversion will not form or will 
be weak if the night-time sky is cloudy. The clouds 
will absorb the radiation and re-radiate it back to 
earth, keeping the air warm in the lower levels. 

6.24. If the air is moist, a fog will form with the 
nocturnal inversion. It will not form with strong 
winds and if there is no wind, only dew or waist-high 
fog will form. 

6.25. The depth of a radiation inversion grows as 
night proceeds. It may reach 1500 to 2000 feet in 
depth. Thus, depending on circumstances, its top may 
or may not be higher than the heiqht of a smoke plume. 

6.26. In the morning, a radiation inversion is broken 
up by the heat of the sun which warms the ground. The 
heat is convected upward higher and higher into the 
air until it reaches the top of the inversion. During 
the process the inversion layer is elevated and does 
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not extend to the ground. 

6.27. The morning inversion breakup will change a 
fanning plume into a fumigation situation when the 
convective currents reach the height of the plume. 
The plume will be spread downward rapidly during a 
period of about half an hour during fumigation. 

6.28. A subsidence inversion is an elevated inversion 
the base of which is generally between 4000 and 6000 
feet above the ground. It is formed when a layer of 
air slowly sinks and warms to a temperature higher 
than the air below. 

Weather Maps 

6.29. A weather map will depict some or all of the 
following (Figure 6-1) : 

(a) Lines of constant atmospheric 
pressure - "isobars" 

(b) Low pressure areas - "lows" 
or "cyclones" 

(c) High pressure areas - "highs" 
or "anticyclones" 

(d) Fronts 

1. Cold 

2 . Warm 

3. Stationary. 

6.30. Fronts separate masses of cold and warm air. 
The warm air slants above the cold air with height. 
If the cold air is advancing, it is a cold front. 

6 .31. Generally, there is a high-pressure area shown 
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FIGURE 6-1 SURFACE SYNOPTIC WEATHER MAP 
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in the warm- and in the cold-air masses. Also, the 
fronts are generally shown extending out of low- 
pressure areas; frequently, a low-pressure area has 
both a cold and a warm air front attached to it. 

6.32. . From day to day, crenerally, the fronts and. 
pressure areas will move from west to east. The cold 
fronts may move southeast and the warm fronts northeast 

6.33. The highs and lows have the following 
distinguishing characteristics : 

High-pressure area 

(a) Winds flow outward from a 
high in a clockwise 
direction 

(b) Air sinks creating a 
subsidence inversion 

(c) Low relative humidity, few 
clouds, little 
precipitation, sunny skies 

(d) Low wind speeds, variable 
wind direction 

(e) Nocturnal inversions likely 

(f) System covers a large area 

(g) System moves slowly and may 
remain stationary for 
several days. 

Low-pressure area 

(a) Winds flow inward toward a 
low in a counterclockwise 
direction 

(b) Air rises giving good 
dispersion 

(c) High relative humidity, 
cloudy, precipitation 
likely 

(d) High winds likely 



(e) Inversion development 
unlikely 

(f) System covers small area 

(g) System moves rapidly. 

Useful Information That Can Be Obtained 
From the Daily Weather Map 

6.34. The passage of fronts or low-pressure areas 
generally brings precipitation and strong winds. The 
precipitation will remove most of the particles from 
the air and improve the visibility. The strong winds 
will also clean out the air. 

6.35. After a cold front passes the skies will 
generally become cloudless. Radiation inversions will 
form at nights causing fanning plumes in the mornings. 
The colder weather will produce denser and longer 
water plumes. 

6.36. Near the centre of the high-pressure area the 
wind speeds will be low, the air will be hazy, and 
visibility will be poor. If the high remains 
stationary for several days, smog will increase, 
especially in the fall or summer, 

6.37. The precipitation preceding a warm front is 
mostly of a steady type. That accompanying or 
preceding a cold front is of a showery type. 

6.38. Wind direction generally is nearly parallel to the 
isobars, the lines of constant atmospheric pressure. 

If one stands with his back to the wind, the lower 
pressure will be on his left and the higher pressure 
■-■-ill be on his right. (In the Southern Hemisphere 
this rela tionship is reversed.) 
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6.39. The weather along a stationary front could be rain, 
fog or snow, depending on the season. 

6.40. Upper level winds (5,000' to 30,000') probably 
will not be in the same direction as the surface winds 
shown on the map. Upper level winds blowing over 
oceans, the Gulf of Mexico, or the Great Lakes may 
bring cloudiness inland. This will reduce the 
illumination and change the background for plume 
reading . 

Particles in the Air and Obstructions to Visibility 

6.4.1. The sizes (diameters) of the particles in the 
plume or in the air determine how they are removed and 
what the visibility is. 

6.42. Particles can be removed by gravitational 
settling, impaction on large objects, rainout by 
having raindrops form around them, or washout by being 
captured by falling raindrops. 

6.43. Gravitational settling is most important for 
particles whose diameters are larger than 20 u. The 
settling will occur within short distances of the 
source . 

6.44. Impaction affects particles below 10 to 20 u. 

6.45. The particles forming nuclei for raindrops and 
those being removed by rainout are . 2 u and larger. 

6.46. Particles which are greater than 1 u and which 
are in the area of rain will be washed out. 

6.47. Particles below the rain clouds but smaller 
than 1 u will be removed by the rain if they absorb 
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some of the water vapour and arow to a size greater 
than 1 u . 

6.48. Small particles whose size is the same as the 
wavelengths of visible light (0.4 to 0.7 u) cause this 
light to be scattered when they are suspended in the 
air . 

6-49. This scattering causes a decrease in the visual 
range - the distance one can see. 

6.50. When the light is scattered, more is scattered 
forward than backward. Thus, in a hazy atmosphere one- 
can see objects more distinctly when one has the sun 
at one's back than when looking toward the sun. 

6.51. This decrease in visual range is due to dry 
haze, damp haze, and mist. 

6.52. Dry haze is composed of fine dust or particles 
less than 0.] u in diameter. When moisture condenses 
on the haze particles, they grow and become damp haze 

(diameters of 0.1 to 1.0 u) . Mist is a thin, greyish 
veil that is present when the relative humidity is 
greater than 95 per cent. Its droplets are 
intermediate between damp haze and fog. 

6.53. Haze is confined to a haze layer, which is 
usually bounded at the top by a temperature inversion. 
The haze layer may be several hundred feet deep at 
night and several thousand feet deep in daytime. It 
may exist only over an urban area or it may cover 
thousands of square miles coincident with a stable 
high pressure area. 
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Clouds and Fog 

6.54. There is always some water in the air. If it 
is in the gaseous state, it is called water vapour and 
is invisible. 

6.55. Clouds and fog are composed of small liquid 
water drops. High clouds contain frozen droplets. 

6.56. The larger liquid or solid water particles fall 
out as rain, snow, hail, etc. 

6.57. The warmer air is, the more water vapour it 
will contain. As more water is added to the air or as 
the temperature cools, the relative humidity reaches 
100 per cent. After that point, any more water added 
or any more cooling causes the excess water vapour to 
condense into liquid water drops which are visible. 

6.58. The air may contain the same amount of water 
vapour day and night, but the cooling at night-time 
may reduce the air temperature to its dew point so 
that condensation occurs and fog or dew appears. 

6.59. Clouds are often formed when moist air is 
lifted upward toward the cooler temperatures. This 
lifting can occur as the air slides up over the colder 
air at a front or as the air heated at the earth's 
surface is carried upward by convection currents. 

Atmospheric Humidity and Water Vapour Plumes 

6.60. A plume containing large amounts of water 
vapour will be visible for longer distances under 
conditions of high atmospheric humidity. The moisture 
content of the air is great enough so that water 
droplets in the plume are prevented from evaporating. 



13 



Thus the water remains in the visible liquid phase 
instead of changing into the invisible vapour phase. 

6.61. A "detached plume" (Figure 2-1) occurs when a 
moisture-laden effluent is emitted from a stack at a 
temperature above the boiling point of water. The 
plume becomes visible only after the effluent has been 
cooled down by the air to a temperature where the 
water vapour condenses to the liquid droplet state. 

If the atmosphere is hot, the cooling will take some 
time. Then, there will be a space between the top of 
the stack and the point where the plume becomes 
visible . 

6.62. Water plumes can be distinguished from plumes 
of white particles in several ways: 

(a) A pure-water plume disappears 
rather quickly and has an 
appearance of wispiness as it 
evaporates 

(b) The greater frequency of 
occurrence and a greater length 
of plume in cold, wet weather 
than in warm, dry weather 

(c) The detachment of the visible 
plume from the top of the stack 
in hot, dry weather, when it 
takes the plume longer to cool 
to its saturation point 

(d) If there is other material 
mixed with the water, the plume 
of this material will remain 
after the water has evaporated. 

Effects on Reading of Plume Density 

6.63. The stronger the wind, the more it dilutes the 
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plume and the less dense the effluent appears. 

6.64. If the wind is blowing a plume toward an 
observer, he is looking through the length of the 
plume. He will be looking through a longer portion of 
the plume than if he were looking through the width of 
the plume. Thus, the plume will appear more dense. 

6.65. An increase in the illumination of a plume 
results in an increase in the contrast between the 
plume and its background causing the plume to look more 
dense. Cloudy skies cut down on the illumination and 
thus the contrast. 

6.66. An observer picks out a contrasting background 
against which to view a plume. White smoke read 
against a white cloud background or black smoke read 
against a dark cloud background reduces the contrast 
and makes the plume appear less dense. 

6.67. A plume disperses more rapidly in an unstable 
atmosphere than in a stable atmosphere. Downwind, a 
coning plume looks less dense than a fanning plume. 
However, if an observer looks at them both while they 
are near the stack, their densities will be equal since 
they have not beoun to spread out. 

6.68. When an observer looks at a plume through a hazy 
atmosphere the contrast between the plume and its 
background is weakened. The plume, under these 
conditions, does not look as dense as it would on a 
clear day. 

6.69. When an observer looks at a white plume with the 
sun in front of him, the plume scatters more light 
toward the observer than is the case for an observer 
looking at the plume with the sun at his back. This 
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increased scattering by the white plume itself results 
in a higher density reading by the observer lookina 
toward the sun. For dark plumes on a clear day, the 
viewer looking toward the sun also sees a plume that 
appears to be more dense. On an overcast day, the two 
viewers agree on the density of the plume. 

Eddies and Turbulence 

6.7 0. The heating of the earth's surface by the sun 
causes updraughts. At higher altitudes the air spreads 
out and sinks again. This rising and sinking circula- 
tion forms an eddy. When eddies are caused by solar 
heating, the circulations are called thermal 
turbulence. 

6.71. When the wind blows over an object such as a 
bush or a house, eddy circulations are also set up in 
the lee of the obstruction. These eddies are called 
mechanical turbulence. 

6.72. When the sunlight hits the ground on a clear 
day with light winds, the atmospheric lapse rate is 
superadiabatic . Thermal turbulence is created. If 
there is a smoke plume, it will appear as a looping 
plume following the eddy circulations. 

6.73. A plume which blows close above a building may 
also appear as a looping plume. However, this time 
the looping will be caused by the mechanical turbulence 
in the lee of the obstruction. 

6.74. The bringing of a plume downward in the lee of 

a building by the mechanical turbulence is called "down- 
wash" . 
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Weather Observations to be Made 

6.75. The Visible Emissions Training Form has several 
items of observations of sun and weather which must be 
filled out to show the conditions that existed while 
the plume reading was done. These data are to insure 
that proper procedures were beina followed in the 
observation, and for field observations they may be 
needed if a case is brought to trial. 

6.76. Cloud cover is the amount of sky covered, but 
not necessarily hidden by clouds. 

6.77. Cloud cover is usually measured in tenths of 
the sky filled with clouds (at any height) . 

6.78. Terminology: 

(a) Clear - no clouds are present or 
less than one-tenth of the sky 
is covered. 

(b) Scattered - one-tenth to five- 
tenths of the sky is covered by 
clouds . 

(c) Broken - more than five-tenths 
and up to nine-tenths of the 
sky is covered by clouds. 

(d) Overcast - more than nine-tenths 
of the sky is covered by clouds. 

6.79. Method of estimating cloud cover - one may 
divide the sky dome into four quadrants and estimate 
the number of tenths of coverage in each quadrant. 
Then the average of these four values can be used as 
the tenths of coverage of the entire sky. 

6.80. Wind direction is the direction from which the 
wind is blowinq. The direction should be recorded 
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from 16 points of the compass (Figure 8-2). The observer 
must know his correct orientation from a compass or a map 
so he can determine which direction is north. 

6.81. Anemometers are the instruments used to measure 
the wind speed. They may be of the cup type or the 
propeller type. They are placed in an open area at a 
standard 33 feet (10 metres) above ground. 

6.82. In the absence of an anemometer the Beaufort 



Scale of Wind-Speed Equivalents (Table 8-A) may be 
used to estimate the wind speed at 10 metres. 

6.83. Wind speed should generally be recorded in miles 
per hour . 



6.84. The wind direction and speed may be different 
at different heights above the surface. The observer 
should try to estimate the wind speed at the height of 
the plume . 

6.85. The variations of wind with height are due to 
the surface friction, obstructions, and differential 
heating of different surfaces. The wind is slowest 
close to the ground because the effect of friction is 
greatest there. 

6.86. Frequently, the wind speed and direction will 
change during a plume observation so that a range of 
speeds and directions must be entered on the report. 

6.87. Atmospheric stability can also be estimated by 
the observer if he notes such things as the time of 
day, wind speed, and plume shape. 

6.88 The observer should distinguish between cases 
of ddwhwash of plumes in the lee of obstructions, and 
loopin< suiting from thermal turbulence. 
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Ministry Weather Maps 

6.89. The Air Quality and Meteorology Section of the 
Air Resources Branch issues each working day surface 
weather maps for the Province of Ontario. These maps 
are distributed for use by Ministry staff for the 
determination of wind conditions which may affect the 
air quality within Ontario. Information presented upon 
the maps may, however, be interpreted for other" usage. 

6.90. Data plotted on the weather map is received from 
the indicated stations by teletype using the hourly 
aviation weather format. A sample message and the 
resultant station plot is shown in Figure 6-2 . In 
general, each station contains the following information :- 

1. Cloud cover. 

2. Wind speed and direction. 

3. Temperature (°F). 

4. Present weather. 

5. Visibility restrictions due 
to fog or haze, if present. 

Definition of the symbols used are defined in Tables 
6-B, C and D. 

6.100. In addition to station data, larger scale weather 
systems which affect the coverage area are plotted. 
These include frontal systems, pressure centres, and 
general air flow patterns. The symbols used to represent 
these elements are shown in Figure 6-3. 

6.101. Weather patterns may be interpreted using the 
following rules of thumb:- 

1. The protuberances on the frontal 
symbols indicate the direction 
that the front is moving. 

2. Surface air flow patterns may 
not indicate the direction in 
which weather elements are moving. 
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Weather patterns generally 
move from Sw to NE , W to E , 
and NW to SE . 

The passage of a frontal 
system generally changes 
the character of the weather. 

Warm fronts are generally 
characterized by rising 
temperatures, southerly 
component winds, low clouds 
and/or fog, and persistent 
precipitation. 

Cold fronts are generally 
characterized by falling 
temperatures , westerly or 
northerly component winds, 
and showery forms of preci- 
pitation from convective 
clouds . 

Stationary fronts are 
generally characterized by 
persistent conditions of wind, 
precipitation, and cloud 
cover (generally low) . Sta- 
tionary fronts may vacillate 
over an area bringing signi- 
ficant changes in the weather 
as the frontal line passes the 
station . 
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FIGURE 6-2 



SAMPLE WEATHER MESSAGE AIID PLOTTED STATION 



YYZ, M15«' /l 15+RW ( 110/Z t O/36/0^l2) / 9Si + /SC10 



V 



Station Cloud 
Identi- cover 
fier 



Tempe- Wind di- Wind 
rature rection speed 
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PLOTTED WEATHER SYSTEM SYMBOLS 



Cold Front 



Warm Front 



Stationary Front 



L 



Low Pressure Front 



H 



High Pressure Center 



Air Flow Pattern 



-? *? 



Trough 



6-21 



TABLE 6 - B 



CLOUD COVER 



Clear 



CD 


Scattered 




dD 


Broken 




e 


Overcast 




<8> 


Obscured 


TABLE 6 - C 
WIND SPEED AND DIRECTION 



Calm 



Cy^^ 2 mph wind CY****^ 

Cy**"^ 5 mph wind 

0""** \ 10 mph wind - O"****^ 



G25 

15 mph wind with 
gusts to 25 mph 



50 mph wind 



Each full barb represents 10 mph 
Each half barb represents 5 mph 
Wind direction - arrow points in direction wind is coming from. 
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TABLE 6 - D 



PRESENT WEATHER TYPE 



Haze 









Very light drizzle 

Very light rain 
Light rait 
Moderate rain 

Heavy rain 



— — Fog patches 



f— ■ Smoke 

j ^ F°g and Visibility (Miles) A Blowing snow 



y. Very light snow 
^ v£. Light snow 
■K- Moderate snow 



^ ^. Heavy snow 



^ j Light drizzle 



-^* Drifting 



3now 



4* 


Heavy drifti 


* 


Snow pellets 


A 


Snow grains 


4 


Lightning 


V 


Squalls 


<-> 


Ice crystals 



y Rain showers 

*J Snow showers 

V 

|> Thundershowers 

/JSk/ Freezing rain 

/7\J Freezing drizzle 

^ Hail 

^ Ice pellets ( Sleet) 






fe 



Heavy rain showers 
Heavy snow showers 



Heavy Thunderstorm 
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Subject: 



Topic: 7 



VISIBLE EMISSIONS 
IDENTIFICATION 



EMISSION GENERATOR 



Obj 


ECTIVES: 


The 


trainee will be able to explain the 


basic operation of the emission 


generator's components: 


1. 


Combustion chamber for generating 




black smoke 


2. 


Generator's exhaust manifold for 




white smoke 


3. 


Transmissometer 


4. 


Auxiliary blower 


5. 


Recorder 



7. EMISSION GENERATOR 

7.1 For use in training personnel to read visible 
omissions it is necessary to have a device which will 
produce both black smoke and white smoke, plus an 
instrument to measure the opaqueness of the smoke that 
is produced. 

Model 3000 Smoke Generator 

7.2 The Model 3 00 Smoke Generator, manufactured by 
Environmental Industries is the most widely used 
smoke generating unit. It is portable and each unit 
is custom made. Its main components are shown in 
diagrammatic form in Figure 7-1. 

Black Smoke 

7.3 When a carbon-containing fuel is burned with 
insufficient air, a smoky flue gas is produced. The 
smoke consists of partially burned carbon particulates 
suspended in the gas. 

7.4 In the smoke generator black smoke is created 
by burning benzene with a deficiency of oxygen. 

(Diesel fuel is used by some generator operators.) 
This fuel is burned in a furnace which consists of a 
12-cubic-foot steel combustion chamber lined with 
refractory bricks. The combustion air entering this 
chamber is limited. The benzene flow into the furnace 
is controlled by a fine metering valve. The density 
of the black smoke is varied by using this valve to 
adjust the rate of fuel injection through a nozzle 
into the combustion chamber. 
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FIG. 7-1 
7-2 



White Smoke 

7.5 To produce the white smoke, No. 2 fuel oil (the 
grade usually used for home or commercial heating} is 
vaporized in the absence of oxygen. This vapour is 
then condensed into an aerosol cloud which has a white 
colour. The opacity of this cloud is controlled by 
adjusting the flow of the No. 2 fuel oil. 

7.6 The white aerosol vapour is created by inject- 
ina the fuel oil through a hypodermic needle into the 
manifold which carries the hot exhaust from a small 
lawnmower-sized gasoline engine. Considerable heat is 
reguired for vaporizing the fuel oil. Sufficient 
heat is provided by operating the generator under an 
appreciable load. 

7.7 In the production of both black and white 
smoke, the smoke is diluted with ambient air before it 
enters the stack. The degree of dilution is controlled 
by dampers in the air inlet to the induced drauqht blower 
fan. 

Transmissometer 

7.8 The opaqueness of the white or black smoke is 
measured by a transmissometer which is located in the 
4 inch cross arm located on the 12 inch smoke stack. 
Neutral density filters are used to calibrate the 
transmissometer. The opaqueness measurement from the 
transmissometer can be read by the generator operator 
on a recorder in opacity percentages. The 
transmissometer reading serves as the standard with 
which the smoke reader compares his visual obser- 
vations . 

7.9 ■ The transmissometer is a simple light source 
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and photocell combination. 

7.10 One foot of the path length of the beam is 
through the stack of the generator. In this portion 
of the path the intensity of the light is reduced in 
proportion to the amount of smoke being produced by 
the generator. This smoke is prevented from entering 
the remaining 3 feet of the transmissometer path by 
circular smoke stops which reduce the diameter of the 
transmissometer pipe. In addition, these 3 feet of 
the transmissometer path are continually flushed with 
outside air by two fans, one mounted at each end of 
the pipe. 

7.11 The combination of smoke stops and ambient air 
flushing ensures that there will be no smoke build-up 
in the pipe. As a result, the only obstruction to the 
light beam occurs when the beam passes through the 1- 
foot-diameter stack. 

7.12 The percentage transmission of light that 
reaches the photocell is relayed electrically to the 
operator's station. Here, it may be read from a pen 
trace on a recorder. 

7. J • The transmissometer system is calibrated from 
100 per cent to zero transmission (zero to 100 per 
cent opacity) by inserting several grades of neutral 
density filters into the light path between the bulb 
and the photocell and adjusting the recorder for the 
percentage of light transmitted. 
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Subject 



Topic: r 



VISIBLE EMISSIONS 
IDENTIFICATION 



CERTIFICATION 



Objectives: 


The 


trainee will be able to: 


1. 


Visually measure, without the use of 




any device, the opacity of visible 




air pollution emissions; 


2. 


Maintain an average deviation from 




the correct reading of not more than 




7,5 per cent for a set of 2 5 emis- 




sions of white smoke and 25 shades of 




black smoke , and not have any reading 




deviate from the correct reading by 




20 per cent or more; 


3. 


List the following essential condi- 




tions for correctly identifying the 




opacity of the plume: 




(a) Keep the sun at your back 




(b) Try to have a contrasting back- 




ground 




(c) Readings should be taken at right 




angles to wind direction and at 




any distance to obtain a clear 




view 




(d) Readings should be made at the 




point of emission 


4. 


List the following essential items to 




be recorded on the training form: 




Name, Date, Time, Wind speed, Wind 




direction, Sky condition. Observer's 




position (relative to smoke gene- 




rator, sun, and background) - and be 




able to enter them properly on the 




form; 


5. 


(a) Estimate wind speeds from 0-31 




mph using the Beaufort Scale 




(b) Define wind direction and esti- 




mate wind direction. 



8. CERTIFICATION 

8.1. To qualify for certification the student must 
successfully complete a short course of theoretical 
instruction, and must identify the opacity of 2 5 
consecutive emissions of black smoke and 25 consecutive 
emissions of white smoke within the permitted deviation 
standards . 

8.2. The student must identify the opacity of each 
emission with no deviation equal to or greater than 20 
per cent opacity, and the student's average deviation 
from the correct readings must be not more than 7.5 per 
cent for the white smoke and for the black smoke. 

8.3. The field portion of this course consists of 
reading series of 25 black and 25 white emissions 
produced by the smoke generator. 

8.4. There will be some familiarization runs of both 
black and white smoke during which the opacity number 
will be announced while the smoke is being emitted. 

8.5. There will then be a practice run of 5 smoke 
emissions. Twenty-five black emissions will be run 
followed by 25 white emissions. The student will 
record his observations in opacity percentages . At 
the conclusion of the 50 emissions, the student will 
compare his readings against the transmissometer 
readings, record his deviations, and compute his 
average deviation. 

8.6. Following the practice run there will be 
repeated runs of 50 emissions during which the student 
will try to refine his identification of opacity ability 
until he meets the requirements of average deviation of 
not more than 7.5 per cent, and no reading equal to or 
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greater than 2 per cent opacity. Consistency must be 
shown in all readings in all conditions of light. 

8.7. A Visible Emissions Identification Training Form 
will be used to record the readings and deviations and 
to compute the information required for qualification. 
It also has spaces for information regarding the 
observer, the time of day, the weather, and the 
observer's position in relation to the smoke generator, 
the sun , and the background for the plume . 

8.8. This form must be filled in completely when it 
is submitted to the examiner by the student who has 
qualified on a series of emissions. 

8.9. The aim of the training and testing in this course 
is to produce an officer whose judgment of plume 
density will be accurate and unaffected by variable 
field conditions. His expert identification of opacity 
serves in place of the measurement of a mechanical 
device and his accuracy must stand up if the case is 
brought to court. 

8.10. To aid the accuracy of officers, and to promote 
uniformity, several rules should be followed while the 
officer is making his observations : 

(a) The sun should be behind the 
observer during daylight hours. 
This avoids the problems 
arising from the forward 
scattering of light by the 
particles in the plume. 

(b) The light source should be 
behind the plume at night. 

(c) If possible, readings should be 
made at right angles to the 
wind direction, and from any 



distance necessary to obtain a 
clear view of the stack and 
background. This might be 
from 100 feet to 1/4 mile in 
the case of stacks in the 
field but not closer than 50 
feet in the case of observing 
the plumes from the smoke 
generator . 

(d) Identify the plume opacity at 
the point of emission. 

(e) Try to read the plume against 
a contrasting background, such 
as blue sky for black plumes 
and tree leaves for white 
plumes . 

(f) Do not stare continuously at 
the plume ; staring at the plume 
continuously will cause fatigue 
and produce erroneous readings . 

8.11 During training and testing with the smoke 
generator, a horn will be sounded when the student 
should look at the plume and make a reading. In 
between the soundings of the horn the student should 
not stare at the plume. The time interval between the 
sounding of the horn and the glancing at the stack top 
is approximately the time it takes the generator smoke 
to travel from the generator's transmissometer to the 
top of the stack. 

8.12. The student must not wear dark or tinted 
glasses while taking the test, unless they are always 
worn while making readings during normal enforcement 
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and inspection duties. 

Filling Out the Training For m (Figure 8-1) 

8.13. Name and Date are self-explanatory. 

8.14. Location refers to the address and city where 
the test is given. 

8.15. The Wind Speed should be estimated by the 
observer within a 3 to 5 mile-per-hour range. If an 
anemometer (wind speed instrument) is not available, 
the wind speed may be estimated by using the Beaufort 
wind scale. (See Table 8-A.) 

8.16. To determine the Wind Direction the observer 
must first know his orientation with respect to north. 
This can be learned from a map. The direction from 
which the wind is blowing can then be estimated to 16 
points of the compass (Figure 8-2) by watching a 

flag or seeing which way a handful of grass blows when 
thrown into the air. 

8.17. Sky Condition should be filled in as 

(a) Clear - less than . 1 of the 
sky covered by clouds 

(b) Scattered - 0.1 to 0.5 of 
the sky covered 

(c) Broken - more than 0.5 to 0.9 
of the sky covered 

(d) Overcast - more than 0.9 of 
the sky covered. 

8.18. Observer's Position should show his position in 
relation to the sun and the smoke generator, and the 
background for the plume. The sun's position should be 
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TABLE 3 - A 
The Beaufort Scale of Wind-Speed Equivalents 



General 
Description 



Calm 

Light 
Gentle 
Moderate 
Fresh 



Strong 



Gale 



Whole gale 



Hurricane 



Specifications 



Smoke rises vertically. 

Direction of wind shown by smoke 
drift but not by wind vanes. 

Wind felt on face; leaves rustle; 
ordinary vane moved by wind. 

Leaves and small twigs in constant 
motion; wind extends light flag. 

Raises dust and loose paper; small 
branches are moved. 

Small trees in leaf begin to sway; 
crested wavelets form on inland 
waters. 

Large branches in motion; whistling 
heard in telegraph wires; umbrellas 
used with difficulty. 

Whole trees in motion; inconvenience 
felt in walking against the wind. 

Breaks twigs off trees; generally 
impedes progress. 

Slight structural damage occurs 
(chimney pots and slate removed) . 

Trees uprooted; considerable 
structural damage occurs. 

Rarely experienced; accompanied by 
widespread damage. 



Limits of Velocity 
33 feet (10 m) 
above level ground 



Miles Per Hour 



Under 1 
1 to 3 
4 to 7 
8 to 12 

13 to 18 

19 to 24 

25 to 31 

32 to 38 

39 to 46 

47 to 54 

55 to 63 

64 to 75 
Above 7 5 
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FIG. 8-2 POINTS OF THE COMPASS (16) 
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Note . To indicate the sun s position 
relative to the observer as 
illustrated, enter " Sun - 4". 




FIG. 8-3. SUN POSITION SECTOR CODE 
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entered as the appropriate code number shown in Figure 
8-3. In the example shown, the sun is behind the 
observer in section 4, and so is entered on the 
Training Form as "Sun-4". 

8.19. Run No . - Each run during the training session 
will consist of 25 black (B) and 25 white (W) shades 
of smoke. The runs will be numbered consecutively 
beginning with 1-B and 1-W. 

8.20. Time is the time at the start of the run. 

8.21. The student's reading is entered in the 
Observer's Reading columns. The black smoke readings 
and white smoke readings should be entered in opacity 
percentages. The lowest possible reading is and the 
highest is 100. The readings are made to the nearest 
5 per cent. 

8.22. At the end of the run the instructor reads off 
the transmissometer readings and the student enters 
these values in the Transmissometer Reading columns. 

8.23. The student then fills out the plus and minus 
Deviation columns. If the observer's reading is less 
than the transmissometer reading, this difference is 
entered in the minus Deviation column; if greater, it 
is entered in the plus Deviation column. 

8.24. The student then completes Items 7 to 14 as 
follows : 

Item 7-Enter run number 
Item 8-Enter number correct 
Item 9-Enter number of plus deviations 
Item 10-Enter number of minus deviations 
Item 11-Sum of plus deviations divided by the 
number of plus deviations 
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Item 12-Sum of minus deviations divided by the 

number of minus deviations 
Item 13 -Sum of plus deviations plus the sum of 

minus deviations divided by the total 

number of readings 
Item 14-Total number of readings entered as 20 

per cent deviation and over. 

These entries can be used by the student to guide him 
as to whether he is tending to read high or low. 

8.25. The Examiner will verify the Training Forms of 
those students who qualify for certification. 

Re-certification 

8.26. For a provincial officer to remain certified as 
an expert in the identification of opacity he must 
successfully complete a re-certification course at 
least every six months. To qualify for re-certif icatJ 
the provincial officer must, as for certification, 
identify the opacity of 2 5 black and 2 5 white 
emissions with no deviation equal to or greater than 20 
per cent opacity, and with an average deviation of not 
more than 7.5 per cent for both black and white 
emissions. No classroom work is required for 
re-certification . 
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Subject: 



VISIBLE EMISSIONS 
IDENTIFICATION 



Topic : 9 

PRINCIPLES OF COMBUSTION 



Obj 


ECTIVES: 


The 


trainee will be able to: 


1. 


Outline the three conditions that 




must be maintained in a furnace _ 




the "three T's of combustion"; 


2. 


State why excess air is used; 


3. 


List the methods used to increase the 




effect of the "three T's of combus- 




tion"; 


4. 


Describe how soot and smoke are 




formed ; 


5. 


List four conditions which should be 




looked for if a furnace produces 




smoke . 



9 . PRINCIPLES OF COMBUSTION 

9.1. Combustion is the rapid high temperature oxidation 
of fuels. Since most fuels used at present consist almost 
entirely of carbon and hydrogen, burning involves the 
rapid oxidation of carbon to carbon dioxide or carbon mon- 
oxide, and of hydrogen to water vapour. The combustion 
reaction takes place in the gaseous phase except for the 
burning of the fixed carbon in solid fuels. In the latter 
case, the oxygen and combustion products exist as gases 
and only the fixed carbon itself is present as a solid. 

9.2 Combustion theory indicates that the following 
overall reactions occur; 

C + 2 — *- C0 2 + Q 

where Q = 14,09 3 BTU/lb carbon 

2H 2 + — »-2H 2 + Q 

where Q = 61,000 BTU/lb hydrogen. 

In fact, unless the heat released and the combustion 
products are removed from the reaction zone, the overall 
reaction is not completed, but attains a state of equilib- 
rium, in which unreacted material and products will exist 
in varying concentrations. 

9.3. Molecules do not react to form products but are dis- 
sociated by a high energy source to form ions which then 
react with other ions or collide with molecules to form 
intermediate products or products of combustion. 

As an example, in the hydrogen oxygen reaction, 
chain carriers are produced by the thermal breakdown of 
the reactants and product : 

H 2 ■■«, **" 2H 

2 =^20 

H 2 0=^=OK + H 

If conditions are favourable, the reaction proceeds 
as propagation reaction". 
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OH + H =^±= H_0 + H 

H + 0„ =5=^0H + O 
z 

O + H =^ OH 4- H 

As more chain carriers are 3 the rate of reaction 
increases, the heat released speeds the activity, and in 
some cases the reaction proceeds explosively. 

9.4, In practical cases the fuel is not pure hydrogen or 
carbon, but is combined into gases such as methane or pro- 
pane, complex hydrocarbon mixtures as liquids, and solid 
and tarry materials in solid fuels. Mineral ash, sulphur 
and trace metals may be combined with the fuels, and will 
produce a wide range of contaminants. The oxygen required 
for combustion is normally supplied in air, which contains 
approximately 79% nitrogen by volume. Although nitrogen 
is normally considered inert, this gas can react with 
oxygen at high temperatures to produce oxides of nitrogen, 
a significant air contaminant. 

9.5 The basic requirements for practical gas phase com- 
bustion are: 

1. A point source of high energy output. 

2. A flammable mixture of combustible gases and air. 

3. Thorough mixing at the point of ignition and flame 
propagation. 

4. A carefully designed flame holder. 

5. Provision of space for burnout. 

6. A heat sink. 

7. Removal of combustion products from the 
reaction zone. 

9.6. Temperature, Turbulence and Time - the classic 3T's 
of combustion, are widely quoted but are frequently mis- 
understood. To be effective, they must be used judiciously. 

Temperature - The flammable gas mixture must be 
raised to its threshold ignition temperature - heat must be 
available to ensure auto-ignition. This heat may come from 
an ignitor, from recirculated flue gas or from flame rad- 
iation. A high temperature is also required to maintain 
burnout of the reactants. 



Turbulence - thorough mixing is required at the point 
of ignition and the propagation zone. 

Time - is required to complete the reaction downstream 
of the zone of ignition and flame propagation. 

These three requirements can be attained or improved 
in practical combustion equipment in various ways. 

9.7. Ignition energy can be supplied electrically with a 
high tension arc or spark or with a combination spark fuel 
ignitor. Once the fuel is ignited and a stable flame is 
established, radiation from the flame or hot recirculated 
gas may be enough to maintain ignition of raw fuel. With 
solid fuel beds the incoming fuel is usually ignited by 
contact with the hot fuel bed. 

9.8. Temperature downstream of the fuel air mixing zone 
can be maintained by proper design of any heat exchanger 
which may be integral with the combustion equipment, or 
by controlling the rate of withdrawal of combustion 
products. The physical size, configuration and material 
of construction of any enclosure are important consider- 
ations. The ability to absorb and/or re-radiate the heat 
released will significantly affect the bulk gas temperature. 

9.9. Turbulence is required in a combustion system to 
ensure that sufficient successful collisions occur between 
reactants to initiate and propagate the combustion re- 
action. Once active ions are in contact* mixing is not 
essential. This mixing can be achieved by physical means 
or aerodynamic means. 

9.10. The common "physical means" are the employment of 
bluff bodies or baffles judiciously arranged to change 
the direction of the fuel air stream in a manner that 
promotes thorough mixing; in some cases vigorous back- 
mixing is promoted, and standing vortices are formed. The 
combustion air can be introduced in patterns which cause 
violent radial and tangential motion of the fuel-air stream, 
and increase the possibility of successful collisions be- 
tween the reactants. This is accomplished by introducing 
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the air through orifices, annuli, and slots at high velocity 
In solid fuel burning, it may be necessary to introduce air 
above the bed to promote combustion of volatile material 
and intermediate compounds produced in the bed. In modern 
burner applications, the air may be introduced to provide 
a two stage combustion effect. The first stage is pro- 
portioned to be fuel rich and the second to be oxygen rich. 
This provides optimum conditions for maximum fuel burnout 
with fewer side reactions. 

9.11. The initiation and propagation stages of the combus- 
tion reaction occur in a matter of milliseconds. The final 
stage of the reaction requires some finite time, which is 
temperature and concentration dependent, and varies with 
molecular structure. 

9.12. The time required for complete combustion of a given 
material can be determined theoretically. This theoretical 
time is based upon perfect mixing i.e. a maximum collision 
frequency in the reaction mixture. In practical systems, 
mixing is imperfect and the conditions for optimum propag- 
ation are not always obtainable. Practical combustion sys- 
tems require conservative sizing of the enclosure in order 
to ensure that combustion is virtually complete in the 
gaseous phase. In many instances competitive pressures and 
economics have resulted in less than adequate gas phase 
retention time in commercial systems. 

EXCESS AIR 

9.13. The large majority of combustion systems use air as 
the source of oxygen for the combustion reaction. 
Advantages : 

1) It is readily available and cost is limited to 
the equipment and energy required to pump it 
into position. 

2) It contains a natural diluent, nitrogen, which 
is a useful heat sink or energy acceptor and 
product gas diluent. This aids in moving the 
combustion reaction toward completion. 
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3) The total mass of air exceeds the mass of oxygen 
required by roughly 3.3/1; this extra mass is useful 
for Generating mixing momentum. 

4) By acting as a heat sink it reduces flame temp- 
eratures and prevents destruction of the enclosure. 

5) A combustion reaction can be moved closer to 
completion by having excess of one reagent present. 
Oxygen carried in air is the most practical excess 
reagent to supply. 

Disadvantages 

1) Improperly mixed or directed excess air inhibits 
the combustion process by chilling the propagation 
reaction and breaking the reaction chain. Frequently 
unburned fuel or carbon may be emitted as a result. 

2) Nitrogen can react with oxygen at high tempera- 
ture to produce oxides of nitrogen; when excess 
oxygen is present, oxides of nitrogen will be 
formed and emitted. 

3) If a fuel contains sulphur, and excess oxygen is 
available, some of the sulphur dioxide produced 
will be oxidized to sulphur trioxide. The sulphur 
trioxide combined with water vapour produces sul- 
phuric acid, which can be absorbed on any carbon 
deposits in the system if the temperature drops 

to dewpoint. The resulting acid smut can corrode 
the combustion system or be discharged to the 
atmosphere to cause soiling and corrosion. 

9.14. Practical combustion systems operate with excess air; 
the variation of excess air with load is dependent upon 
combustor design and the air-fuel ratio control system fit- 
ted to the combustion system. Some modern boilers operate 
at 3 to 5% excess air when firing oil or gas, and 15% on 
pulverized coal. Most contemporary systems at present 
operate at 15 to 50% excess air. 
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9.15. Smoke is a highly visible cloud of particles which 
is persistent in nature i.e., does not readily dissipate. 
These particles are usually finely subdivided and produce 
the light scattering phenomenon which registers on the 
human eye as a visible plume. The particles may be carbon, 
unburnt hydrocarbon, or mineral ash. 

The common black or grey smoke is produced by fine 
carbon particles which result when a reacting fuel air 
mixture is chilled - by contact with a cold surface or by 
tramp air. Fine carbon particles are formed which are car- 
ried out of the system as smoke. If sufficient cool surface 
is present these particles will deposit on the surfaces of 
the combustion system as soot . Starving the system of air 
will cause fuel cracking or pyrolysis and the same phenomenon 
will result. 

9.16. If a furnace is producing smoke, one or more of the 
following four conditions may exist: 

a. Insufficient air to burn the fuel 

b. Too much air, which chills the flame rapidly 

c. Insufficient or improper mixing of the air or fuel 

d. Cold surfaces or admission of tramp air to the 
system. 

9.17. The most common visible emissions from combustion 
systems are: 

Black or grey - carbon particles 

Persistent blue white - hydrocarbon 

Brown to grey - fly ash 

Dissipating white - condensed water vapour. 

These will be dealt with in detail during the course. 
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Topic: 10 



VISIBLE EMISSIONS 
IDENTIFICATION 



COMBUSTION OF FUEL OIL 
- CORRECT PRACTICES 



Objectives; 

This topic is included in the manual for 
additional information purposes only. 

The written examination for certif ication, 
therefore, will not contain questions on 
this topic. 



10. COMBUSTION OF FUEL OIL - CORRECT PRACTICES 
Classification of Fuel Oil 

10.1. The crude oil that is pumped out of oil wells 
consists of 83 to 87 per cent carbon and 10 to 14 per 
cent hydrogen combined as hydrocarbons. It also 
contains traces of oxygen, nitrogen, and sulphur. 

10.2. The crude oil is refined; this consists of 
separating and recombining the hydrocarbons of the crude 
oil into gasoline, fuel oil, etc. The refining process 
includes distillation and, often, cracking. 

10.3. By boiling the crude oil, distillation separates 
the hydrocarbons into groups or "fractions" which have 
the same range of boiling points. The fractions also 
vary in density. 

10.4. The lighter fractions, such as naphtha, gasoline, 
kerosene, and gas oil, are called the distillates. The 
heavier fractions include asphalt and the heavy fuel oil, 
which are called residuals. During distillation, the 
sulphur-bearing compounds and the ash originally present 

in the crude oil are concentrated in the residual fractions, 

10.5. Products of simple distillation are called 
straight run . Additional yield of gasoline can be 
obtained by cracking the heavier fractions. 

10.6. Cracking consists of changing the hydrocarbon 
structure of the oil. This is done by decomposing the 
oil through the application of heat and pressure with 
or without a catalyst. The resulting products then 
are distilled again into heavy and light fractions. 
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10.7. There are five grades of oil used as fuel oil, 
labeled as Numbers 1, 2, 4, 5, and 6. Number 6 is 
often called Bunker C. There no longer is a Number 3 
oil. 

10.8. Numbers 1 and 2 are distillate fuel oils gen- 
erally used for home oil furnaces and hot-water 
heaters . 

10.9. Numbers 4, 5 and 6 are residual fuel oils. 
Both Number 4 and Number 5 are used in commercial 
establishments, large apartments, and industrial 
plants. Bunker C (Number 6) is used in ocean-going 
ships, power generation plants, and larger commercial 
and industrial burners which use over 50 gallons of 
oil per hour. 

10.10. Each of these oils has a set of standard speci- 
fications which distinguish it from the other oils. 
These specifications may include flash-point temper- 
ature, water and sediment percentage, gravity, ash 
content, viscosity, and others. 

10.11. The viscosity and the ash and sulphur contents 
are the major fuel characteristics that affect air con- 
taminant emissions. Burner and atomizer design can also 
alter the amount and type of air contaminant produced. 

10.12. The relative ease or difficulty with which 

oil flows is its viscosity . It is measured by the time 
in seconds a standard amount of oil takes to flow through 
a standard orifice at a standard temperature (100°F or 
122°F) . 

10.13. Viscosity indicates how oil behaves when it is 
pumped and shows when it must be preheated for handling. 
Numbers 5 and 6 fuel oils are high viscosity oils and 
require preheating facilities. 
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10.14. The sulphur content of fuel oil may vary from 
a trace to 5 per cent while the ash may be as high as 
0.3 per cent by weight. The distillate fuel oils are 
limited by specification to less than one per cent 
sulphur and Numbers 4 and 5 fuel oil are limited to no 
more than 0.1 per cent ash. 

10.15. The sulphur content of the residual fuel oil 
grades can be reduced by desulphurization processes 

or by blending low sulphur imported oils with the higher 
sulphur domestic oils. 

10.16. Crude oil contains thousands of hydrocarbon 
compounds which are classified as paraffins, napthene, 
olefins, aromatics, resins, and asphalt. 

10.17. If an oil is high in paraffins, the temperature 
of the flame will cause them to decompose into lighter 
and more volatile fractions which burn easily. 

10.18. Aromatics do not readily decompose, but at 
temperatures at which they do, cracking will occur 
which can produce tar, smoke, and soot. 

10.19. The olefins may crack and form compounds which 
are hard to burn. 

Oil Burner Types 

10.20. The principal types of oil burners which have 
been developed demonstrate a capability of coping with 
many possible variations in oils. 

10.21. Oil burners do not burn oil. They proportion 
the air and oil and mix them in preparation for burning. 

10.22. Since all fuels burn as a vapour, the liquid 
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oil must either be converted to a gas in the burner 
(vaporized) or divided into such small particles or 
droplets (atomized) that radiated heat will vaporize 
the fuel within the burner. 

10.23. If the temperature of the flame is too low, 
incomplete combustion and smoke emission will result. 
Cooling of the flame can occur when the combustion 
chamber is too small, resulting in flame impingement, 
or too large. 

10.24. Oil droplets burn at the surface, and the droplet 
shrinks in a manner analogous to peeling an onion, so 

it is necessary for turbulence to provide sufficient 
air to complete the combustion of each successive layer. 
Consequently, it is important to mix the air and oil. 

10.25. Vaporizing burners gasify the oil by heating 
it within the burner. These burners are limited in 
the range of fuels they can handle and are used only 
for some residential furnaces and water heaters. 

10.26. Atomizing of fuel oil can be accomplished in 
three ways: 

(a) Using steam or air under pressure 
to break the oil into droplets. 

(b) Forcing oil under pressure 
through a nozzle. 

(c) Tearing the oil film into drops 
by centrifugal force. 

All three methods are used in burners. 

10.27. With high-pressure steam- or air-atomizing 
burners, the steam or air is used to break up the 
fuel-oil stream at the burner tip. The auxiliary 
fluid, moving at high velocity, atomizes the slower 
moving oil stream as the mixture is emitted in the 
furnace. The combustion air is introduced through 
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registers around each burner. When steam is used, 
it prevents the enter ing-oil temperature from dropping. 
This aids the flow of high-viscosity oil and improves 
atomizing characteristics. 

10.28. Oil-pressure atomizing burners depend on high 
fuel pressure to cause the oil to break up into small 
droplets upon passing through the orifice. 

10.29. Rotary-cup burners provide atomization by cen- 
trifugally throwing the fuel from a rotating cup or 
plate. 

10.30. Rotary-cup burners are used for the residual 
fuel oils. The oil is distributed on the cup or plate 
in a thin film. The primary air from the burner fan 
is discharged through an air nozzle which has vanes 

to give the air a rotary motion opposite that of the 
oil. Additional air for combustion--secondary air- 
must also be injected into the combustion chamber for 
complete burning. 

10.31. Mechanical atomizing burners employ both high 
oil pressure and centrifugal action. The fuel oil is 
given a strong whirling action before it is released 
into the orifice. These are the burners most often 
found at large steam power plants. 

10.32. The key to optimum oil burner operation is 
careful control of fuel viscosity. A given burner 
functions properly only if the viscosity at the burner 
orifice is held between narrow limits. 

10.33. If the viscosity is too high, effective ato- 
mization does not take place. If the viscosity is too 
low, oil flow through the orifice is too great, upset- 
ting the balance between combustion air and fuel. 
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10.34. Most heavy residual oil must be warm to allow 
pumping. Preheaters are used to heat the oil and 
keep it flowing. For high-viscosity oils, the pre- 
heater is likely to be located at the supply tank. 
With oils of lower viscosity, preheaters are often 
located at the burner. 

10.35. Before the oil reaches the burner, it is passed 
through a strainer or filter to remove the sludge. 
This filtering process prolongs pump life, reduces 
burner wear, and increases combustion efficiency. 

10.36. The most important consideration in combustion 
chamber design is the ability to accommodate heat 
release, or British thermal unit release per cubic foot 
of furnace volume. Too high a heat release will result 
in excessive furnace temperatures. Too low a heat 
release will result in excessive cooling of the flame 
and smoking fires. 

10.37. The size and heat transfer characteristics of 
the combustion chamber will determine the heat release. 
The shape of the chamber should prevent the flame from 
impinging on the sides of the furnace where it would 
cool, resulting in incomplete combustion and smoke. 

10.38. Draught systems can be classified as natural, 
induced, or forced, or combinations of these. 

10.39. Natural draught results from the difference in 
temperature between the stack and the outside air. Stacks 
that are too small for the firing rate will create back 
pressure. Too large a stack will cause the same con- 
ditions because of inertia of the cold air column. 

10.40. Induced draught systems require a fan that sucks 
combustion products through the boiler and forces them 
up the stack. 
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10.41. Forced-draught systems suck air in from the 
boiler room, push it into the boiler, and force the 
combustion products up the stack. 

10.42. The burning of oil can produce sulphur oxides, 
inorganic ash, nitrogen oxides, carbon, and unburned 
hydrocarbons. The sulphur oxides and inorganic ash 
are attributable to the fuel. The air contaminants 
affected by burner design and operation are carbon, 
carbon monoxide, aldehydes, organic acids, and un- 
burned and partially oxidized hydrocarbons. 

10.43. If a burner is operated properly, no visible 
emissions should be caused by oxidizable air contami- 
nants, and the concentrations of items such as 
aldehydes and carbon monoxide should be negligible. 

Thus, when an oil-burning system smokes, emits appreciable 
odour, or causes eye irritation, there is something wrong 
in atomization, mixing, or burning. The burner and fuel 
may not be compatible or the burner may not be properly 
adjusted. 

10.44. Incomplete atomization of the oil caused by 
improper fuel temperature, dirty, worn, or damaged 
burner tips, or improper fuel or steam pressure may 
cause the furnace to smoke and pulsate. 

10.45. Insufficient draught or improper fuel-to-air 
ratio may also cause smoking. 

10.46. Other factors that may cause smoking are poor 
mixing of the air and oil, low furnace temperatures, 
and insufficient time for complete burnout in the 
combustion chamber. 

10.47. There are two kinds of hydrocarbon combustion - 
hydroxy la t ion and decomposition (cracking) . 
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10.48. Hydro xylation or blue-flame burning takes 
place when the hydrocarbon molecules combine with 
oxygen and produce alcohols or peroxides that split 
into aldehydes and water. The aldehydes burn to form 
C0 9 and H_0; in decomposing, the final gaseous compo- 
nents are CO and Hydrogen, which produce the blue flame. 



10.49. De compos i t ion or yellow flame burning takes 
place when the hydrocarbons "crack" or decompose into 
lighter compounds. The yellow-white or orange colour 
is produced by incandescent carbon particles produced 
from fuel pyrolysis. The ideal flame is the blue flame 
(all fuel gasified) . 

Boiler Types 

10.50. The vast majority of combustion equipment is 
used to heat or vaporize water. These boilers and 
heaters fall into three general classifications: 
fire-tube, water-tube, and sectional. 

10.51. In fire-tube boilers, the heated gases resulting 
from combustion pass through heat-exchanger tubes while 
water, steam, or other fluid is contained outside the 
tubes. Fire-tube boilers make up the largest share of 
small- and medium-size industrial boilers including the 
Scotch marine and fire-box types. 

10.52. In all water-tube boilers, the water, steam, 
or other fluid is circulated through tubes while the 
hot combustion gases pass outside the tubes. All large 
boilers for steam generation are of this type. The 
smallest and largest industrial units are likely to be 
of a water-tube design. 

10.53. Sectional boilers use irregularly shaped heat 
exchangers and cannot be classified as either water-tube 
or fire-tube types. Hot combustion gases are directed 
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through some of these passages, transferring heat 
through metal walls to water or steam in other 
passages. These units are manufactured in identical 
sections which can be joined together. A sectional 
boiler consists of one or more sections. 

Soot Blowing 

10.54. Whenever fuels of measurable ash content are 
burned, some solids such as carbon and inorganic ash 
adhere to heat-transfer surfaces in the combustion 
equipment. These deposits must be removed periodically 
to maintain adequate heat-transfer rates. It is 
common practice to remove these deposits with jets 

of air or steam from soot blowers while the combustion 
equipment is in operation. These removed soot particles 
are entrained in the combustion gases. Thus, during 
these periods of soot blowing the plume may have an 
excessive opacity. 

10.55. Whenever residual fuel oils or solid fuels are 
burned in large steam generators, tube cleaning is 
usually conducted at least once during every 24 hours 

of operation. At many power plant boilers, soot blowers 
are operated automatically at 2- to 4-hour intervals. 
A large plant may have 50 or 60 soot blowers operating 
in sequence for short intervals of time. 

10.56. When tubes are blown at 2- to 4-hour intervals, 
there is little increase in the opacity of stack 
emissions. Intervals of 8 hours or more between soot 
blowing can result in excessive visible opacities. 

Black Smoke and White Smoke 

10.57. When residual oils or solid fuels are burned 
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in a deficiency of oxygen, carbon particles and 
unburned hydrocarbons impart a visible blackness 
to the exit gases. 

10.58. Visible emissions ranging from grey through 
brown to white can also be created by the combustion 
of hydrocarbon fuels, particularly liquid fuel. 

10.59. White or non-black smoke is the result of 
finely divided particulates — usually liquid particles-- 
in the gas stream. These non-black plumes generally 
are caused by vaporization of hydrocarbons in the 
burner. This is sometimes accompanied by cracking and 
the subsequent condensation of droplets. White smoke 
frequently is attributed to excessive combustion air 
or loss of flame. 

10.60. Visible plumes of greater than 40 per cent 
opacity are frequently observed at large oil-fired 
steam generators, where incomplete combustion is a 
relative rarity. These opaque emissions are commonly 
attributed to inorganic particulates and sulphuric 
acid formed by the combination of sulphur trioxide, 
moisture, and flue gases. The condensation of the 
sulphuric acid may be enhanced by the presence of 
particulate matter, which provides condensation nuclei. 

Particulates 

10.61. Where combustion is nearly complete, inorganic 
ash constitutes the principal particulate emission. 
The quantity of these inorganic solid particulates is 
entirely dependent upon the fuel. Distillate fuels do 
not contain appreciable amounts of ash. In residual 
oils, however, inorganic ash-forming materials are 
found in quantities up to 0.1 per cent by weight. 
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However, even that amount, when emitted from efficient 
burning, is not likely to exceed air pollution control 
regulations. 

10.62. The particulates emitted from normal oil firing 
are principally in the submicron range of diameters 
where they can cause scattering of light. Over 85 per 
cent of the particles from efficient oil burning are 
less than 1 micron in diameter. 

10.63. If incomplete combustion occurs and carbon or 
hydrocarbon particles are emitted, then the average 
particle size is larger. 

10.64. If a light fuel oil is burned in a deficiency 
of oxygen, the resulting carbon particles are likely 

to be very fine. If a residual fuel oil is incompletely 
burned, by heating it to a temperature of only 200-300°C 
and then cooling it, the carbon particles are likely to 
be in the form of cenospheres. Cenospheres are hollow, 
black, coke-like spherical particles of low density 
usually of submicron dimensions. 

10.65. Particulates emitted from residual fuel oil 
combustion consist of 10 to 30 per cent ash, 17 to 25 
per cent sulphate, and 25 to 50 per cent carbon. 

Sulphur Trioxide 

10.66. Of the sulphur contained in fuel oil, 95 per 
cent shows up in the exhaust gases as sulphur dioxide, 
a colourless gas. Up to 5 per cent of the sulphur may 
be converted to sulphur trioxide. If the SO^ comes 
into contact with surfaces below the dew point of the 
gas, the S0 3 combines with water vapour to produce 
sulphuric acid. This sulphuric acid may form a visible 
mist if the acid concentration is high enough. 
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10.67. Concentrations of SO- are negligible in small 
equipment, even when fired with high-sulphur fuel oils. 
As the equipment sizes and firebox temperatures increase, 
SO., concentrations increase rapidly. 

10.68. Large steam generators may emit SO- at concen- 
trations of 50-60 ppm, compared with an SO- concentration 
of 1875 ppm (10% excess air, 3% sulphur in fuel). 



10.69. Sulphur trioxide tends to acidify particulate 
matter discharged from combustion equipment. This is 
commonly evidenced by acid spots on painted and metallic 
surfaces as well as on vegetation. Acid damage generally 
is the result of soot blowing. (See 10.74) 

10.70. Formation of SO- depends upon several factors. 
Concentrations of sulphur trioxide increase with 
increases in 

(a) Combustion chamber temperature 

(b) Oxygen concentration and sulphur dioxide 
concentration 

(c) Vanadium, iron, and nickel oxide content 
of the fuel oil. These materials tend 
to act as reaction catalysts. 

10.71. The visible plume from a large oil-fired unit 
normally varies from white to brown, depending upon 
weather conditions and the composition of the particulate 
matter . 

10.72. In some cases, the plume will be detached from 
the stack. It will become visible at the point where 
the sulphuric acid mist and water vapour is cooled below 
its dew point. 

10.73. Deposits of dirt containing vanadium pentoxide 
which cannot be removed by the normal soot blowing of 
the heat-exchanger tubes act as catalysts oxidizing 
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S0« to SO-., and the resulting acid mist may increase 
plume opacity, at concentrations exceeding 80 ppm. 
These deposits can be removed by washing, but only at 
the infrequent intervals when the steam generator is 
out of service. 

Oil Burning Equipment 

10.74. Steam-Atomizing and Air-Atomizing Burners . 
Steam-atomizing burners, as a class, possess ability 
to burn almost any fuel oil, of any viscosity, at 
almost any temperature. Air is less extensively used 
as an atomizing medium because its operating cost is 
apt to be high. 

10.75. These burners can be divided into two types: 

(1) internal-mixing or premixing - oil and steam or 
air mix inside the body or tip of the burner before 
being sprayed into the furnace (Figures 10-2, 10-4). 

(2) external-mixing - oil emerging from the burner is 
caught by a jet of steam or air (Figures 10-1, 10-3). 

10.76. Steam consumption for atomizing runs from 1 to 
5% of steam produced, usually averaging around 2%. 
Pressure required varies from about 75 to 150 psi, and 
steam can be taken from: (1) a low-pressure line 

(2) a desuperheater with a pressure reducer, or 

(3) a drum vent, through an orifice and regulating 
valve. Oil pressure may vary from 15 to 150 psig, 
depending upon nozzle design. 

10.77. External Mixing . In the burner of Figure 10-1, 
oil reaches the tip through a central passage, flow 
being regulated by the screw spindle, right. Oil 
whirls out against a sprayer plate to break up at 
right angles to the stream of steam, or air, coming 
out behind it. The atomizing stream surrounds the oil 
chamber and receives a whirling motion from vanes in 
its path. When air is used as the atomizing medium in 
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STEAM OR AIR ATOMIZING OIL BUHNERS 
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Figures 10-1 to 10-8 
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this burner, it should be at 10 psi for lighter oils 
and 20 psi for heavier. Combustion air enters through 
a register, shown opposite Figure 10-1. Vanes or 
shutters are adjustable to give control of excess air. 
Figure 10-3 shows another external-mixing design. Oil 
and steam discharge through separate nozzles at right 
angles to each other, the steam breaking up the oil 
stream. 

10.78. Intern al Mixing . Figures 10-2 and 10-4 givts 
examples of the premixing principle. In Figure io-2, 
steam and oil meet and mix well within the burner body. 
Energy in the steam serves to force the steam-oil 
mixture through the nozzle for atomization. Burner of 
Figure 10-4 brings oil and air under pressure together 
at the burner tip for mixing before discharge into ■_ he 
furnace . 

10.79. Mechan ical A to mizing . (Figure 10-5 to 10-8) 
Good atomization results when oil under high pressure 
(7 5 to 200 psi or higher) is discharged through a small 

orifice, often aided by a slotted disk. The disk 
gives the oil a whirling motion before it passes on 
through a hole drilled in the nozzle, where atomiza- 
tion occurs. For a given nozzle opening, atomization 
depends on pressure and, since pressure and flow are 
related, best atomization occurs over a fairly narrow 
range of burner output (about 40%) . 

10.80. To follow a fluctuating boiler load, a number 
of burners may be installed and turned on or off as 
steam demand varies; or burner tips with different 
nozzle openings can be applied tc a single burner body. 

10.81. W ide-Range Designs . Oil-burner manufacturers 
have developed many designs to extend the usual 1.4 to 
1 capacity range of the mechanical-atomizing nozzle. 
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REGULATION OF OUTPUT FROM THE WIDE- RANGE BUHNER WHOSE 
ATOMIZING AND WHIRLING END SHOWS ABOVE, CAN COME FROM 
EITHER CONSTANT - DIFFERENTIAL VALVE OR A CONSTANT - 
DIFFERENTIAL PUMP TO HOLD PRESSURE ACROSS SUPPLY AND RETURN 



FIGURE 10-9 HOW ONE WIDE - RANGE 
MECHANICAL ATOMIZING 
OIL BURNER SYSTEM 
OPERATES 



One, for example, features a plunger that opens addi- 
tional tangential holes in the nozzle as oil pressure 
increases. This gives a 4 to 1 range. Another design, 
Figure 10-6, employs a movable control rod, which, 
through a regulating pin, varies the area of tangen- 
tial slots in the sprayer plate and the volume of oil 
passing the orifice. 

10.82. Still another variable-capacity design, Figure 
10-7, delivers oil at high pressure (350 psi) at a 
constant rate, but discharges through the nozzle only 
the quantity needed to meet steam demand. The 
remainder recirculates. 

10.83. Figure 10-8 shows a wide-range mechanical 
atomizer which, when combined with either of the 
pumping systems shown in Figure 10-9, will give an 
output range of about 15 to 1, and considerably 
higher if needed. By use of either a constant- 
differential valve or pump, as shown, difference in 
pressure between supply and return is held constant. 
This maintains a uniform pressure drop across the 
tangential slots in the burner tip and creates a 
constant atomizing force. The valve system is simple 
to install and maintain, but the pump system offers 
advantages in many plants: (1) No hot oil is 
returned to storage tank or pump suction. (2) Fuel 
enters the closed circuit at the same rate it is 
burned, simplifying fuel metering and combustion 
control. (3) Pump may be used to boost pressure on 
existing oil-burner systems. This does not imply that 
the burner throat is capable of providing adequate 
mixing . 

10.84. Rotary-Cup Burners . Third major class of oil 
burners, the horizontal rotary cup, atomizes fuel oil 
by literally tearing it into tiny droplets. A conical 
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ROTARY CUP ATOMIZING OIL BURNING 



Oil swirls 
counter clockwise 



air 




£p<-oil 



Figure 10-10 

(.up revolving counterclockwise 
breaks up all film at rim by 
centrifugal force and discharges 
into a clockwise air stream 



Figure 10-11 

Built-in fan rotating at motor- 
speed supplies primary air just 
behind the atomizing oil cup. 
Air citches up fine oil spray 
leaving at cup edge 





Figure 10-12 

Belt driven rotary-cup burner 
carries a fuel -oil reservoir 
to insure positive feed, and 
a submerged electric heater to 
hold oil at correct temperature. 
Gas pilot mounted overhead, together 
with low-voltage system, serves 
to ignite the oil 
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or cylindrical cup rotates at high speed (usually 
about 3500 rpm if motor-driven) . Oil moving along 
this cup reaches the rim where centrifugal force 
flings it into an air stream. Figure 10-10. 

10.85. This system of atomizing requires no oil 
pressure beyond that needed to bring oil to the cup, 
and proves attractive in installations where only low- 
pressure steam is available. High oil preheat temper- 
atures must be avoided since gasification may develop. 
The rotary cup can satisfactorily atomize oils of Mgh 
viscosity (300 ssu) , however, and has a wide range, 
about 16 to 1. 

10.86. Figure 10-11 shows a burner with a built-in 
driving motor, while Figure 10-12 shows one with a 
belt drive. It also indicates provision for swinging 
the burner out of the furnace. This burner is an 
obsolescent device. 

10.87. Gas and oil burners are often combined. Designs 
of such combinations vary widely, both in nature of oil 
unit and gas unit. Their ability to handle either of 
the two fuels, or both at once, proves desirable in 
locations where both are available. 

10.88. Burner Maintenance . Properly maintained, modern 
oil burners give highly satisfactory service. For peak 
performance, make sure that the burner gets uniformly 
free-flowing oil, clear of sediment that clogs burner 
nozzles. This means avoiding sludge build-up in 
storage tanks and keeping strainers in good condition. 
Preheat temperature must be right for fuel and burner 
type, and must be uniform. 

Burners should be kept in good condition by watching for 
wear caused by abrasion of ash in fuel, and for carbon 
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buildup. In rotary-cup burners, worn rims cause poor 
atomization. If cups are not properly protected after 
being turned off, carbon forms on the rim. When burner 
is shut down the cup should be removed and a flame 
shield inserted. Worn or mechanical-atomizing nozzles 
should be replaced, and carbonized nozzles cleaned. 

Control Equipment 

10.89. Downstream control equipment is ineffective 
in controlling particulate emission from oil fired units, 
If the combustion system is well designed, inert parti- 
culate only will be discharged, and its effect will be 
negligible. 
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11. COMBUSTION OF COAL AND ITS CONTROL 

Classification of Coal 

11.1. The types of coal are 

(a) Anthracite (hard coal) 

(b) Bituminous (soft coal) 

(c) Lignite (brown coal). 

11.2. Anthracite is less smoky and gives off less 
sulphur dioxide, but it is not as abundant as bitu- 
minous. 

11.3. After coal is mined, it is generally prepared 
before it is used. Raw or unprepared coal is used in 
some power plants — mine mouth plants. Preparation of 
coal includes crushing and cleaning to remove impur- 
ities, drying to remove moisture, and separation into 
the desired sizes. 

11.4. Two basic methods are normally used to describe 
the composition of coal: the Proximate Analysis and 
the Ultimate Analysis. 

11.5. Proximate Analysis gives the percentages by 
weight of the following which are found in the coal: 

(a) Volatile Matter - portion of 
the coal that will form gases 
and vapours (hydrocarbons, 
hydrogen, and carbon monoxide) 
and be driven off when the coal 

is heated to 1740°F for 7 minutes. 

(b) Fixed Carbon - solid portion 
that is left when volatile 
matter is distilled off. It 

is mostly carbon, burns slowly, 
and will give a bluish flame. 
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(c) Ash - portion that will not 
burn. Slate, clay, sand- 
stone, shale, carbonates, 
pyrite, and gypsum. 

(d) Moisture Content. 

The sulphur content in per cent and the heat content 
in British thermal units per pound (Btu/lb) are 
generally also given, although they are not part of 
the analysis. This Proximate Analysis may be made on 
the coal as received (AR) or dry (excluding the 
moisture) . 

11.6. The Ultimate Analysis gives the chemical 
composition of the coal by dividing the coal, except 
for the ash, into its basic elements. 

11.7. In the Ultimate Analysis the volatile matter and 
fixed carbon of the Proximate Analysis are divided into 
their chemical components — hydrogen, carbon, oxygen, 
nitrogen, and sulphur. 

11.8. Another measurement which describes the coal is 
the Screen Analysis, or Size Consist. It tells the 
percentage of the coal that will fall through a screen 
with a certain size opening but which will not fall 
through the next smaller size screen. 

11.9. The Screen Analysis can be made with a screen 
having either round or square holes, but the two 
screens will give different totals. Thus, the type of 
holes should be specified. 

11.10. Coal sizing terms: 

Run of mine - unscreened broken coal 

from the mine 
Slack - all the coal passing through 
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a screen of a given size, 

such as 3/4" slack 
Double-screened sizes such as "egg" , 
"stove", "nut", "pea", and "stoker", 
trade names in bituminous coal that 
are standard sizes for anthracite. 

11.11. From the air pollution viewpoint, the amounts 
of volatile matter, ash, and sulphur, along with the 
heating value, are the most important parts of these 
analyses. Volatile matter is related to the emission 
of smoke; ash is related to particulate emission. 
Sulphur content is related to sulphur oxide emissions. 
Heating value is related to the total amount of pollut- 
ant production. 

11.12. The size of the coal is important to the smoke 
and flue dust emission. The optimum coal size is 
determined by the method of firing. 

11.13. The impurities in coal are ash, moisture, and 

sulphur. 

11.14. The ash is dispersed throughout the coal as 
finely divided matter or is present as pieces of slate, 
rock, or clay. The pieces of ash can be removed in 
preparation plants by crushing and washing. 

11.15. Power plants usually burn higher ash coal, 
while lower ash coals go to the retail market. 

11.16. Moisture may be present as finely divided 
amounts of water dispersed throughout the coal or as 
water clinging to the coal surface. A certain amount 
of moisture is helpful in reducing the tendency of 
coal to form strong coke in some stokers. It also 
prevents a dust problem. 
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11.17. Sulphur is found in coal in three forms: 

(a) As an iron disulphide, FeS 2 , 
called pyritic sulphur, or as 
golden coloured iron pyrites 

in the form of very heavy balls 
or lenses, and in small flakes 
or crystals or bands as partings. 
This sometimes is called "Fools 
Gold" . 

(b) Organic sulphur originating with 
and forming an inherent part of 
the plant life that formed the 
coal . 

(c) Combined sulphur, generally a 
sulphate with calcium or other 
mineral matter, and seen as a 
gypsum with a white surface or 
as veins in the coal . 

High-sulphur coal is characterized by the fact that 
content of all three forms of sulphur is high. Very 
often with high-sulphur coal, the pyritic form will 
be as prevalent or more so than the organic and 
sulphate forms combined. 

11.18. The pyritic sulphur is found in small discrete 
particles within the coal; a percentage of this sul- 
phur may be removed by washing or other mechanical 
means. However, even after washing, most of the 
sulphur in the coal will be of the pyritic form. 

11.19. At present, no economical means is feasible 
for the removal of any of the organic or sulphate 
forms of sulphur from the coal prior to its initial 
use. 
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Basics of Coal Combustion 
and Combustion Equipment 

11.20. Some of the terminology describing character- 
istics of most coal-burning furnace systems are as 
follows : 

(a) Fuel bed - layers of coal distri- 
buted over a grate which allows 
the air to move through the coal 
layers. 

(b) Stoker for feeding fuel - by which 
coal can be added to the bed from 
above (overfeed) or below (under- 
feed) . 

(c) Air - which can be introduced be- 
neath the coal burning on the fuel 
bed ( underfire air ) or above it 
( overfire air ) . 

(d) Arch - the portion of the combustion 
chamber above the fire; it is con- 
structed of material capable of with- 
standing high temperatures (refrac- 
tory material) and is of a design 
that will reflect the heat back into 
the fire. 

(e) Heat-exchange equipment - converts 
the heat released by the coal into a 
form that can be used; frequently, the 
heat exchange is accomplished by placing 
metal tubes at the exit of the combustion 
chamber and converting the water in these 
tubes to steam. Water wall furnaces and 
convection banks are the major heat ex- 
changers in modern boilers. 

(f) Breeching - originally, the connecting 
link between the furnace and the chimney; 
currently, one may expect to find one 
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or more of the following 
between the same two points : 
(1) economizer, (2) air pre- 
heater, (3) fly-ash collector 
{mechanical and/or electrical) , 
and (4) induced draught fan. In 
effect, the breeching thus be- 
comes the final connection between 
the last piece of equipment and 
the chimney, 
(g) Chimney - transports the waste 
products of combustion out into 
the air for disposal by dispersion. 

11.21. Coal will not burn as a solid; no fuel will. 
The volatile combustible matter in coal burns in the 
gaseous phase; the fixed carbon burns as a solid, and 
gaseous diffusion is the controlling mechanism. 

11.22. When coal is burned on grates, one of two types 
of feeding mechanisms is generally used — underfeed or 
overfeed. 

11.23. The underfeed operation introduces the primary 
air and the fuel from below the grate. The fuel burns 
from the top to the bottom of the bed. 

11.24. Overfeed operation introduces coal to the grate 
from the top and the primary air from below. Burning 
occurs from the bottom to the top of the fuel bed. 

11.25. When coal burns in an overfeed bed on a grate, 
the process takes place in layers: 

(a) At the bottom of the bed and 

above the grate where a layer of 
ash serves to protect the grate 
and preheat the primary air. 



11-6 



(b) The "oxidation zone" where, as 
the fixed carbon becomes in- 
candescent and the following 
overall reaction 

C + o 2 = CO 

takes place. This is the hot- 
test part of the fuel bed. 

(c) The "reduction zone", where the 
carbon dioxide formed in the 
oxidation zone is reduced to 
carbon monoxide by the reaction 

co 2 + C =^=C0. 

(d) The top layer, where the volatile 
hydrocarbons and tars are driven 
off the fresh coal . 

11.26. Unless more air (secondary air) is intro- 
duced, the hydrocarbons and tars crack, decompose, 
or condense and are emitted to the atmosphere as 
white, yellow, or black smoke. If oxygen is present 
in sufficient quantity at the time the volatile 
matter is distilled, the hydrocarbons oxidize com- 
pletely without forming soot and smoke through the 
thermal cracking and condensation reactions. Sec- 
ondary air is sometimes called combustion air and, 
since it is introduced above the fire, it is often 
identical to "overfire air". 

11.27. Overfeed fuel beds are smoky because burning 
gases rise through fresh fuel, thus resulting in 
rapid devolatilization of the fresh fuel in a zone 
having a deficiency of oxygen. Properly directed 
overfire air can minimize this problem. 
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11.28. Underfeed beds are inherently smoke free. The 
air and fresh fuel flow upward together. The zone 

of ignition, which is near the point of maximum evolu- 
tion of the combustible gases, is supplied with ample 
well mixed air which promotes complete combustion. 
Overfire air may be essential with high volatile coals 

11.29. Heat-exchange equipment converts the heat re- 
leased by the burning of the coal into a form that can 
be used. There are five categories: 

(a) Radiant heat absorbers - can line 
furnace walls with watercooled 
surfaces. These surfaces transmit 
to the water the heat which is 
radiated to them. 

(b) Boilers or convection heat ex- 
changers - the earliest boilers 
were tanks containing water 
under which a fire was built. 
Next, the heated gases from the 
furnace were directed around 
the water tank and through a 
large tube which passed through 
the tank. Next, this return 
tube was replaced by many small 
tubes {3 or 4-in. ID) . There 
are three types of boilers in 
use currently: 

(1) Fire-tube boiler - 
fire is made in the 
large tube and the 
gases make several 
passes through the 
smaller tubes. 

(2) Fire-box boiler - 
gases flow from furnace 
through tubes, then 
reverse and flow through 
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more tubes to the stack. 
(3) Kater-tube boiler - 

water goes from a drum 
through several straight 
tubes to another drum, 

(c) Superheaters or gas-to-vapour 
heat exchangers 

(d) Economizers or added-convection 
heat exchangers 

(e) Air preheaters or gas-to-gas 
heat exchangers. 

Some Terms Used in 
Coal Combustion 

11.30. Draught is a measure of negative pressure 
(vacuum) of air or gases in various parts of a com- 
bustion system. There are several types of draught 

(a) Forced draught - air pressure is 
supplied by a fan pushing air 
into the system. 

(b) Induced draught - a negative 
pressure is created by pulling 
air out of the system with a fan. 

(c) Natural draught - Some furnaces 
operate at balance, i.e. atmos- 
pheric pressure, by thermal dif- 
ferential between the stack gases 
and the ambient air. This causes 
primary air to be drawn into the 
furnace system to balance out the 
negative pressure. 

(d) Furnace draught - the pressure of 
the gases in the furnace is pos- 
itive or negative. If it is negative 
the gases will leak in. A furnace 

or boiler designed for positive pres- 
sure is of gas-tight construction. 
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(e) Draught losses - pressure losses 
occur as the flue gas flows 
through the combustion system, 
from friction and velocity effects. 
In principle, both natural and induced draughts are 
akin in that they both function from the exhaust or 
discharge end of the furnace system. Forced pressure 
functions from the opposite or feed end of the system. 

11.31. Coke is the fixed carbon and ash which are left 
after the coal has been heated and the volatile matter 
has been driven off. Coking coal refers to a coal 
that swells to form larger lumps, even though the coal 
may have been in small pieces. Bituminous is usually 

a good coking coal and anthracite is not. 

11.32. Carbon in the ash - if some of the coal is 
heated enough to drive off the volatile matter but does 
not finish burning all of the carbon, the ash will con- 
tain some pieces of unburned carbon or coke. 

11.33. Overfire air - air is injected above the fuel 
bed instead of through it as is normal. The overfire 
air is forced through jets or nozzles in the furnace 
walls. The purpose of the overfire air jets is to 
increase the mixing or turbulence of the gases and 
provide oxygen to ensure complete combustion and pre- 
vent smoke. 

11.34. Slagging - when molten ash particles build up 
on the walls or tubes of a boiler and flow together, 
the deposit is called slag and the process is called 
slagging. 

Plume Visibility 

11.35. The visible plume from coal combustion may be 
caused by condensed water vapour, sulphuric acid mist, 
organic liquids or solids, inert particulates, and un- 
burned carbon. 
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(a) Water vapour condenses and pro- 
duces a white plume which dis- 
sipates rapidly. 

(b) Sulphuric acid mist causes a de- 
tached bluish-white plume that 
does not dissipate readily. This 
is relatively infrequent. 

(c) Organic liquids and solids 
cause a white, yellow, or brown 
plume. 

(d) Particulates (including fly-ash) 
cause the plume to be white, 
brown, or black. 

11.36. Smoke - the black clouds called smoke are 
actually small, unburned or partially burned solid 
carbon particles and solid or liquid hydrocarbon 
particles. They result from the incomplete combus- 
tion of the volatile products of the fuel. The 
carbon of the smoke does not arise from the free 
carbon of the fuel but from the cooling of the hot 
hydrocarbon gases of the volatile matter. If these 
particles are deposited inside the combustion system, 
they are called soot . 

11.37. Once formed, carbon soot is difficult to burn. 
To prevent this soot from being carried away as pol- 
lution, the hydrocarbons should be burned as close as 
possible to the fuel bed before they are decomposed 

by the heat into soot and smoke. 

11.38. It has been found that there is a marked rise 
in the percentage of both carbon (soot) and tar (ben- 
zene soluble) contained in the particulate as the smoke 
density increases. 

11.39. The black smoke plume is visible because of the 
size of its solid and liquid particles. They range 
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between 0.01 and 2.0 microns in diameter, but most 
are between 0.3 and 0.6 micron, a size which is 
highly effective in scattering or absorbing light. 

11.40. These particles between 0.3 and 0.6 micron 
in diameter contribute little to the mass of the 
emissions. Most of the mass is in the larger par- 
ticles, which have little effect in absorbing or 
scattering light. 

11.41. The black shade of a combustion plume can be 
reduced by a good adjustment of air-to-fuel ratio. 
One indication of this is the flame in the furnace: 

(a) At a particular adjustment of 
air to the coal feed, the flame 
will be yellowish orange in 
colour with no black tips. 

It will appear soft. This is a 
lazy flame, full of incandescent 
carbon which can escape. 

(b) If the air is increased, the 
flame will become whiter in 
colour and will appear to be 
harder, sharper, and more 
erosive. Carbon burnout is 
more likely to occur. 

(c) If the air is decreased too 
much, the flame will be 
blacker and will appear lazy 
and without life. Since a 
reducing atmosphere is now 
well indicated, soot may be 
formed and collect at some 
point in the system. The 
smoke will be dark. 
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(d) With a good air adjustment 

and proper burning, the smoke 
from the chimney should be 
just a light haze, either 
light tan or light grey in 
colour, when no particulate 
control equipment has been 
installed . 

11.42. When a flame impinges on a cold surface, smoke 
and soot are formed. Complete combustion should be 
obtained in the gaseous phase downstream of the flame 
before cold surfaces are contacted. 

Underfeed stokers, Single-Retort, Residential 

11.43. In the residential underfeed stoker, the coal 
is fed from a hopper or directly from the coal storage 
bin to the retort by a continuous, rotating screw (see 
Figure 11-1) . Coal rises into the firing zone from 
underneath, thus the term "underfeed firing." Air is 
delivered to the firing zone through tuyeres (grate 
openings) , also from underneath the actively burning 
bed. The coal and primary air control is "all on" or 
"all off". Ash is removed as a clinker from a refrac- 
tory hearth through the furnace firing door. Burning 
rates range from 1 to 60 pounds of coal per hour. 

Underfeed stokers, Commercial institutional and small 
industrial 

11.44. -The general arrangement is as described in the 
previous paragraph, with "dead" plates replacing the 
refractory hearth (Figure 11-2) . As sizes become larger 
screw feeders are replaced by a mechanical ram, which 
feeds coal to pusher blocks that distribute the coal 

in the fire box. Ash is discharged by side-dump grates 
Modulating combustion controls, i.e., variable control 
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Figure 11-1 . Residential underfeed stoker 
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Figure 11-3. 
Hultiple-retort underfeed stoker 
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Figure H - 4. B s W jet-ignition chain-grate stoker 
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Figure 11-5. Vibrating-grate stoker furnace 
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of both fuel and air rates, are often used. Forced 
draught is automatically recrulated, and separate over 
fire-air systems are used, particularly when on-off 
controls are used. A bridge wall retains the coal 
over the stoker grates. The size ranges for screw- 
feed stokers are 60 to 1,200 pounds of coal per hour 
and for ram-feed stokers, from 300 to 3,500 pounds 
per hour. 

Multiple-Retort Underfeed Stokers 

11.45. As the name implies, these units usually con- 
sist of several inclined retorts side by side, with 
rows of tuyeres in between each retort (Figure 11-3) . 
Coal is worked from the front hopper to the rear ash- 
discharge mechanism by pushers. The forced-air 
system is zoned beneath the grates by means of air 
dampers, and the combustion control is a fully mod- 
ulating system. In the larger furnaces the walls 

are water-cooled, as are the grate surfaces in some 
units. Multiple-retort underfeed stokers are losing 
their popularity, giving way to spreaders and travel- 
ling-grate units. Sizes range from 20,000 to 500,000 
pounds of steam per hour with burning rates up to 
600,000 Btu per square foot of grate per hour. 

Travelling-Grate and Chain-Grate Stokers 

11.46. Travelling-qrate and chain-grate units 
(Figure 11-4) are essentially moving grate sections, 

moving from the front to the rear and carrying coal 
from the hopper in front through a gate into the 
combustion zone. The fuel bed burns progressively 
to the rear, where the ash is continuously discharged. 
Older units with natural draught are fast disap- 
pearing; modern units have zone-controlled forced 
draught. Complete combustion control systems are 
utilized, and overfire air, especially in the front 



11 - 15 



wall, is an aid to burning the volatiles in the fuel. 
Units range in size from 2 to 300 x 10 Btu per hour 
input . 

Vibrating-Grate Stoker 

11.47. This unit consists of a water-cooled grate 
structure on which the coal moves from the hopper at 
the front of the boiler through the burning zone by 
means of a high-speed vibrating mechanism automatic- 
ally operated on a time-cycling control (Figure 11-5) . 
As in the travelling grate, the fuel bed progresses 

to the rear, where the ash is continuously discharged. 
Forced air is zone-controlled, and regulated, along 
with the complete coal and air system, through an 
automatic combustion-control regulator. Grate heat 
release may range from 350,000 to 500,000 Btu per 
square foot per hour. The size range for this unit 
is from 5,000 to 100,000 pounds of steam per hour. 

BCR* Automatic "Packaged" Boiler 

11.48. This unit is a complete steam or hot water 
generating system, incorporatinq a water-cooled 
vibrating grate as the firing mechanism (Figure 11-6) . 
Coal is delivered from the storage bin to a hopper 
from which it travels on the vibrating grate to the 
fuel bed. Ash is discharged automatically with a 
screw conveyor. The unit has completely automatic 
combustion controls so that coal feed to the hopper 
from the bin and ash discharge is co-ordinated with 
load conditions. Forced and induced draught fans 

are used. The size range is from 3 to 20 million 
Btu per hour input. 



*Bituminous Coal Research, Inc. 
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Figure 11—6, Bituminous Coal Research, Inc., packaged boiler 




Figure ll - 7. Spreader stoker-fired furnace 
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Figure 11-9* 
Various methods of firing coal in suspension 
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Pulverized-coal-f ired unit 
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Spreader Stoker 

11.49. The spreader stoker combines suspension and 
fuel bed firing by the stoker mechanism feeding from 
the hopper onto a rotating flipper mechanism, which 
throws the fuel into the furnace (Figure 11-7) . Because 
fuel is burned partly in suspension and partly on the 
grate, the fuel bed is thin, and response to fluct- 
uations in load is rapid. The grates are either stat- 
ionary or continuously moving from the rear to the 
front. Vibrating, oscillating, travelling and chain 
grates are designed for moving the fuel toward the ash 
receiving pit. 

Zoned undergrate air is important, as is the careful 
application of a responsive combustion control system. 
Overfire air is necessary. Fly-ash carry-over is 
strongly influenced by high burning rates, whereas 
smoke emission is increased at low burning rates. In 
large units, cinders are often returned to the grate 
from the fly-ash collector to reduce unburned carbon 
losses. Spreader stokers range in size from 6 to 500 x 
10 6 Btu per hour input or from 5,000 to 400,000 pounds 
of steam per hour output. 

Pulveri2ed-Fuel Firing Units 

11.50. In this system, coal is pulverized to particles 
at least 70 per cent of which pass through a 200-mesh 
sieve, and is fired in burners similar to those used 
for liquid fuel {Figure 11-8). In direct-firing 
systems, raw coal is dried and pulverized simultane- 
ously in a mill and is fed to the burners as required 
by the furnace load. The control system regulating 
the flow of both coal and primary air is so designed 
that a predetermined air-coal ratio is maintained for 
any given load. The indirectly fed unit utilizes 
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storage bins and feeders between the pulverizers and 
the burners. Some bin-and-feeder systems are in use, 
but the majority of plants use direct-firing units. 

Burners are characterized by their firing position, 
i.e., horizontal, vertical, or tangential (see Figure 
11-9) . Arrangements for the introduction of primary, 
secondary, and, in some cases, tertiary air vary with 
burner manufacturers. One manufacturer uses an 
adjustable burner, which is tilted upward or downward 
to control the furnace outlet temperature, so that 
steam temperature can be regulated over a wide range 
of capacities. 

Pulverized-coal-f ired units are usually one of two 
basic types, wet bottom or dry bottom. The tempera- 
ture in a wet-bottom furnace is maintained above the 
ash fusion temperature, thus the slag is melted so 
that it can be removed from the bottom as a liquid. 
The dry-bottom furnace maintains a temperature below 
this point so that the ash will not fuse. 

Pulverized-fuel-fired boilers range in capacity from 
200,000 to several million pounds of steam per hour. 

Cyclone Furnace 

11.51. The cyclone furnace is a water-cooled horizon- 
tal cylinder, in which the fuel is fired and heat is 
released at an extremely high rate for the given 
volume (Figure 11-10) . Coal is crushed so that 
approximately 95 per cent passes through a 4-mesh 
screen. Coal is introduced into the burner end of the 
cyclone, and air for combustion is admitted tangen- 
tially. Combustion occurs at heat-release rates of 
500,000 to 900,000 Btu per cubic foot per hour at gas 
temperatures sufficiently high to melt a high 
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percentage of the ash into a liquid slag, which is 
discharged from the bottom of the furnace through a 
slag tap opening. The size range of boilers fired are 
comparable to those with pulverized-fuel units. 

11.52. Some types of burning equipment (underfeed 
stokers, overfeed stokers, spreader stokers, and 
pulverized-fuel burners) make use of a certain amount 
of fly-ash reinjection . In this process, cinders are 
returned to the grate from the fly-ash collector and 
burned again to reduce the loss of unburned carbon. 
The usefulness of this method is limited, for whenever 
the fly-ash is reinjected pneumatically, the total fly- 
ash from the unit is eventually increased. . 

Causes and Control of Particulate 
Emissions from Coal Combustion 

11.53. Emissions of smoke and particulates may be 
caused by the type of coal, the type of combustion 
equipment, or improper combustion. 

11.54. Improper combustion - if a furnace produces 
smoke, either the fuel and air are not in balance or 
the three T's of combustion are not being satisfied. 
The cause may be one or more of the following 
conditions : 

(a) Insufficient air for the amount 
of fuel 

(b) Improper distribution of the air 
or fuel 

(c) Too much air (usually overfire 
air) , which chills the flame 
before all combustion is 
complete 

(d) Insufficient turbulence or 
mixing of the air and com- 
bustible gases . 
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(e) Cold fire box - often caused by 
excessive furnace draught, which 
pulls outside air into the fire 
box through doors and leaks; it 
usually occurs at low load. 

11.55. Possible causes for improper distribution of 
air or fuel 

(a) Uneven depth of fuel bed 

(b) Plugged air holes in the grate 

(c) Clinker which shuts off air flow 

(d) Leaky seals around the edges of 
the grate area 

(e) Improper burner adjustment 

11.56. Possible reasons for insufficient turbulence 

(a) Insufficient overfire air 

(b) Plugged overfire air nozzles 

(c) Nozzles that are improperly aimed 

(d) Incorrect burner adjustment 

(e) Excessive furnace draught 

11.57. Importance of coal and equipment in partic- 
ulate emissions 

(a) Type of firing - least emission 
occurs with underfeed stokers, the 
greatest with pulverized coal 

(b) Furnace design - least emission 
with large furnaces with ample 
burnout time, and greatest with 
under-designed furnaces. 

(c) Secondary air jets tend to reduce 
emission 

(d) Coal size - the greater the pro- 
portion of small sizes, the greater 
the emissions. Smaller sizes are 
more easily swept up the chimney. 
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(e) Volatile content - high volatile 
coal results in a long, opaque 
flame that is more likely to 
strike the cooler surfaces of 
the furnace resulting in soot 
formation. Low-volatile fuel 
burns with a short, transparent 
flame . 

(f) Amount of ash - the higher the 
ash content, the greater the 
potential emission of fly-ash. 

(g) Fly-ash reinjection - if fly- 
ash is reinjected, there can be 
a greater potential emission of 
fine particulate. 

(h) Firing rate - as the firing rate 
increases, the velocity of the 
gases passing through the furnace 
increases. And as the velocity 
increases, more and larger par- 
ticles are carried out of the 
furnace . 

11.58. The most important variable in hand-fired 
furnaces is the volatile content of the fuel burned, 
the smoke potential increasing rapidly as volatile 
content increases. A highly variable load will tend 
to compound the problem. 

11.59. Several types of control equipment have been 
used to collect the particulates from coal combustion 

(a) Settling chambers 

(b) Large-diameter cyclones 

(c) Multiple small-diameter cyclones 

(d) Wet Scrubbers 

(e) Electrostatic precipitators. 
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11.60. The settling chamber is a low-efficiency, low- 
cost, low-pressure-drop device. It generally is 
applied to natural-draught, stoker-fired units. 
Collection efficiency is 10 - 30 per cent. 

11.61. Large-diameter cyclones have higher pressure 
drops. Their efficiency ranges from 20 per cent for 
stoker-fired units to nil for cyclone furnaces. 

11.62. Multiple small-diameter cyclone units are used 
as precleaners or electrostatic precipitators or as 
final cleaners. Efficiencies range from 80 per cent 
for stoker-fired units to 20 per cent for cyclone 
furnaces . 

11.63. Wet scrubbers are not normally employed, although 
alkaline scrubbers to remove both fly-ash and sulphur 
dioxide are under development. 

11.64. Electrostatic precipitators are the most 
commonly used devices for cleaning the gases from 
large, stationary combustion sources such as those 
burning pulverized coal. They are capable of 
efficiencies up to 99 per cent. 

11.65. Efficiency of collection for cyclone collectors 
increases as the load increases, until vortex perturb- 
ation develops, or the pressuredrop exceeds fan capability. 

11.66. The electrostatic precipitator is highly sens- 
itive to load swings. An increase in carbon content is 
associated with an increase in electrical resistivity. 
Electrostatic precipitators are not generally used for 
stoker-fired units. They are best adapted to pulverized 
coal-fired units. 
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12. OTHER COMBUSTION EMISSIONS: INCINERATORS , 
AGRICULTURAL BURNING, NATURAL GAS AND 
MOBILE SOURCES 

12.1. The combustion of coal and fuel oil in stationary 
sources produces a large number of visible plumes. More 
efficient combustion of these fuels can reduce the opacity 
of the plumes produced from these sources. Other types 

of combustion, both for the production of usable energy 
and for the burning of waste materials, will produce 
black and non-black plumes. Some of these combustion 
sources and the cause and control of their plumes are 
discussed in this section. 

Solid Waste Disposal by Incineration 

12.2. The methods of burning solid waste include the 
use of open-top or trench incinerators, conical metal 
{"tepee") burners, domestic incinerators, apartment- 
house incinerators, municipal incinerators and control- 
led air industrial and institutional incinerators. 

12.3. Incinerators can be classified in several ways, 
such as by their size, their method of feeding, the type 
of waste they will handle, or the number of combustion 
chambers they contain. 

12.4. A single-chamber incinerator is designed so that 
feeding, combustion, and exhaust to a stack take place in 
one chamber. This design is no longer acceptable. 

12.5. The multiple-chamber incinerator has three or 
more separate chambers in series for admission and com- 
bustion of the solid refuse, mixing and further com- 
bustion of carbonaceous matter and gaseous emissions, 
and settling and collecting of large particles. 
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12.6. Multiple-chamber incinerators are of three 
general types: 

(a) Retort, in which the ignition 
chamber, mixing chamber, and 
combustion chamber are arranged 
in a "U" 

(b) In-line, in which the three 
chambers follow each other in 
a line. 

(c) Controlled air designs. 

12.7. The tepee burner has been used by the lumber 
industry to incinerate wood wastes and by some small 
cities to dispose of municipal refuse. These burners 
range from 10 to 100 feet in height. They are single- 
chamber incinerators and are not designed to minimize 
atmospheric emissions; thus, they rarely meet visible 
emission regulations when in use and have considerable 
fly-ash fallout. 

12.8. The tepee burner may be fed by a bulldozer, a 
dump truck, or a conveyor. Feeding with bulldozers or 
trucks requires that the doors at the base of the 
burner be opened. This stops the motion of the draught 
air inside the burner and cools the combustion gases. 
The dumping of the charge on the burning pile smothers 
the fire. All of these factors contribute to incomplete 
combustion and additional smoke. A design guideline has 
been prepared by the Ministry to ensure reasonable control 
of these units. 

12.9. Domestic incinerators may range from units such 
as a single-chamber backyard wire basket to dual-chamber 
incinerators having a primary burner section followed 

by an after-burner section. Many air pollution control 
agencies have banned backyard incinerators and some 
have banned all types of domestic incinerators. In Ontario 
a domestic incinerator must be designed to meet the pub- 
lished criteria. To date, very few meet the criteria. 
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12.10. The emissions of snoke and fly-ash from apartment 
house incinerators are often high because of low combus- 
tion temperatures and improper air regulation, and inat- 
tention . 

12.11. Apartment-house incinerators may be of two 
types--f lue-fed and chute-fed. In the single-chamber 
flue-fed unit, refuse is charged down the same passage 
that the products of combustion use to leave the unit. 
Refuse dropped onto the fuel bed during burning 
smothers the fire, causing incomplete combustion and 
emission of smoke. This design is obsolete and is no 
longer acceptable. 

12.12. A chute-fed multiple-chamber incinerator has 
separate passages for refuse charging and combustion- 
product emission. Nevertheless, the emissions from 
this incinerator often violate the Regulations. One 
cause is the high natural draught in the flues of the 
tall stacks that go to the top of the apartment house. 
This high draught carries with it a large amount of 
particulates . 

12.13. Incinerators used for commercial or industrial 

establishments may be multiple-chamber types and may 
handle from 50 to several thousand pounds of refuse 
per hour. 

12.14. The average capacity of municipal incinerators 
is 300 tons of refuse per cell per day. They may be 
fed in batches or continuously. Continuous-feed units 
are preferable, because operating parameters — such as 
combustion-chamber temperatures that affect particulate 
emissions—can be closely controlled. 

12.15. The gases leaving an incinerator may have tem- 
peratures as high as 1800°F, (for pathological waste) 
which is much higher than the 600°F maximum for steam- 
crenerating boilers. The higher temperatures mean a 
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higher plume rise but also a greater volume of gas and 
more expensive breechings, chimney linings, and air 
pollution control equipment. 

12.16. To minimize smoke, odour, and gross particulate 
emission, the following design and operational tech- 
niques should be practiced in conventional incineration. 

1. Attainment of maximum heat release in the 
incinerator furnace section. 

2. A close approach to steady state burning 
conditions by providing 

(a) constant feed at constant temperature 
{liquids and gases) 

(b) preheating of feed to constant temperature 
and moisture content 

(c) presizing of feed where required to obtain 
maximum contact with combustion air 

(d) input control of combustion air - exclude 
tramp air 

(e) regulated removal of residue and flue gas 

(f) temperature control to maintain minimum 
burnout conditions and to avoid uncontrolled 
high temperature 

(g) adequate preheating of unit before startup. 

3. Turbulent contact between air and feed to oxidize 
combustible material and to remove products of 
combustion from the reaction zone. Turbulent con- 
tact in the gas phase above solid fuel beds is 
required to burnout volatiles expelled from the 
bed. 

4. Provide ample retention time to ensure complete 
burnout of reactants and of any airborne incand- 
escent carbon. 
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12.17. Dark smoke from incinerators consists primarily 
of small carbon particles resulting from incomplete 
combustion. The dark smoke may mask the light-coloured 
plumes also emitted from the incinerator. 

12.18. Light-coloured plumes are emitted from most 
municipal incinerators. These plumes are caused by 
volatilization of particles or by chemical reactions 

in the fuel bed. Analysis of the flue gas shows appreci- 
able quantities of metallic salts and oxides in micro- 
crystalline form which were transformed into the vapour 
state in the fuel bed and then condensed. Removal of 
these very small particles from the flue gases is 
difficult. The opacity of the plume can be partially 
reduced by proper incinerator design. 

12.19. Large fly-ash particles may be either charred 
material or incombustible particles. If complete 
combustion is achieved, there should be no charred 
particles. The incombustible material may come from 
chemical reactions in the fuel bed. It may also be 
from small particles that were present in the refuse. 

12.20. The size of the particles formed by chemical 
reactions may range from submicron to 10-micron 
diameters. Particle size distribution will vary with 
unit design and waste characteristics. 

12.21. Several types of collection devices which have 
been used with incinerators and their efficiencies (by 
total weight of all particles without regard to size) 
are given in the following tabulation: 
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Collection 

Efficiency, 
Collection Device Per Cent 

Settling chamber 

Wetted baffle-spray system 

Cyclones and multiple cyclones 

Wet scrubbers 

Electrostatic precipitators 

Bag filters 

The use of bag filters for incinerators is very 
limited. Their utilization depends on considerations 
of temperatures and moisture content of the gas stream 
as well as the pressure drop across the filter. 

Agricultural Burning 

12.22. Open burning of several kinds is done in con- 
nection with agriculture. The burning is done for 
waste disposal, for disease pest control, and as part 
of harvesting or land management. All of these types 
of burning will result in visible smoke and other air 
pollution effects such as visibility reduction, fallout 
of carbonaceous residues, contributions to photochemical 
smog, and odours. 

12.23. For some of this burning, there is a flexibility 
in the time when the burning can be done in the area 
that can be burned during any one fire. In these cases, 
the burning should be scheduled for periods when meteoro- 
logical conditions such as wind speed and inversion 
height are conducive to good dispersion of the smoke. 
However, the winds cannot be too strong or there may 

be a chance of the fire getting out of hand. 

12.24. Burning of this type includes the cleaning out 

of weeds and brush when chemical methods are undesirable, 
the removal of the slash remaining after logging oper- 
ations, and the clearing of potato vines. 
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12.25. Other agricultural burning cannot be scheduled. 
One example is the burning of smudge pots in orchards 
to reduce the hazard from frost. Another is disposal 
of cattle affected by hoof and mouth disease at a time 
of the year when burial is not possible because of 
frozen ground or other reasons. 

12.26. Other agricultural burning includes the burning 
of field crops such as barley and rice, and the removal 
of prunings from fruit and nut trees. 

12.27. The density of the smoke from agricultural burn- 
ing will depend upon the combustion temperature and the 
residence time of the fuel at that temperature. If the 
moisture content of the fuel is high, the smoke will be 
of a white shade indicating the presence of water vapour. 
The greener the plant life, the more moisture it contains 
and the whiter the smoke will be. Properly attended wind- 
row burning can reduce the effect of agricultural burning 

Combustion of Natural Gas 

12.28. The particulate emissions from the normal 
combustion of natural gas are insignificant compared 
with those from coal and oil. Control equipment is not 
utilized to control the emission from natural gas com- 
bustion equipment. Oxides of nitrogen are the only sig- 
nificant gaseous contaminant. Starving air can produce 
very dense black smoke. 

12.29. Natural gas constituents normally include 
methane (CH.), ethane (C- H g ) in varying proportions, 
and lesser amounts of nitrocjen (N 9 ) and carbon dioxide 

(co 2 ). 
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12,30. The table compares the chemical composition of 
typical samples of coal, fuel oil, and natural gas: 



Conten 
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Hydrogen 

Carbon 

Sulphur 

N~ , ? , etc. 

Ash 

100 100 100 

12.31. One should note the high percentage of hydrogen 
in natural gas. This high percentage results in a 
large amount of water vapour being present in the gases 
exhausted from combustion. As a consequence, the 
plume from natural gas combustion under certain ambient 
temperature and moisture conditions can be a very 
dense white plume of condensed water vapour. 

12.32. The water produced in combustion will absorb 
960 Btu ' s in changing from the liquid to the vapour 
state. Thus, fuels containing more hydrogen provide 
less available heat than fuels containing small amounts 
of hydrogen. 

12.33. In heat-generating installations, one of the 
principal components is the heat exchanger. The heat 
exchanger contains the medium, such as water, that is 
to be heated, and its outside surface area is exposed 
to the hot gases generated by the burning fuel. 
Boilers are rated on the total area of heating surface 
of their heat exchangers. 

12.34. Burners can be divided into two broad classif- 
ications - atmospheric and mechanical draught. 
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12.35. The atmospheric burner depends entirely upon 
the negative pressure within the furnace to draw 
combustion air through the burner assembly. Natural 
draught can be created by a stack. Theoretically, 
the draught is proportional to the difference between 
the stack temperature and ambient temperature and to 
the height of the stack. 

12.36. The mechanical draught burner depends upon a 
blower (usually, a forced-draught blower--not an 
induced-draught blower) to supply the combustion air 
to the burner. With this type of burner a low-profile 
building with a short "stub" stack can be used to 
house the boiler. 

12.37. Smoke from the stack of a natural gas instal- 
lation is evidence of improper operation of the gas burner, 
specifically, that there is insufficient combustion air. 

12.38. Other indications of insufficient air will be 

(a) A burner flame that is extremely 
rich, having an orange-red appear- 
ance 

(b) Soot deposits on heat-exchanger 
surfaces 

(c) Burner pulsation 

<d) Excessive gas consumption. 

12.39. One of the common reasons for insufficient 
combustion air--one that is frequently overlooked-- 
is the lack of adequate fresh air opening into the 
boiler room. There must be some permanent provision 

{not just an open window) to ensure that fresh air 
will always be supplied to the combustion equipment. 
One of the first indications of an inadequate air 
supply is a hot, stuffy feeling in the boiler room. 
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Engines Used in Transportation 

12.40. There are three commonly-used engines used to 
propel surface vehicles and aircraft. These are the 
spark-ignited internal combustion engine, the compres- 
sion-ignited internal combustion engine, which is 
frequently referred to as the diesel, and the aircraft 
gas-turbine engine. 

12.41. The first of these is used in automobiles, 
light-duty trucks, light aircraft, motorcycles out- 
board motors, and small gasoline utility engines. 

12.42. The diesel engine is used in large trucks, buses, 
locomotives, ships, and heavy construction equipment. 

12.43. The gas-turbine engine is commonly used on 
large aircraft. 

12.44. Both types of internal combustion engines can 
be subdivided into four-stroke-cycle and two-stroke- 
cycle engines. These two operating cycles differ in 
the number of times the piston rises in the cylinder 
during the combustion of the fuel in the cylinder. 
Both cycles consist of four parts. The operations 
that take place in the spark-ignition engine during 
the four parts of the cycles are: 

(a) Intake of air and fuel 

(b) Compression of fuel-air mixture 
during which ignition of the 
mixture is set off by the spark 
from a spark plug 

(c) Expansion of the burning mixture, 
forcing down the piston and 
delivering the power which drives 
the vehicle 

(d) Exhaust of the burned gases out of 
the cylinder. 
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12.45. The differences between the gasoline and diesel 
engines are the method of ignition and the fuel 
systems. In the diesel engine the fuel does not 
enter the cylinder as a mixture with the air but is 
injected into the cylinder through nozzles during the 
phase when the air is being compressed to a high 
pressure and high temperature. Fuel injected into 
this high-temperature air ignites without a spark. 

12.46. The aircraft gas turbine consists of four main 
sections: a compressor, a combustion chamber or 
combustor, a turbine, and a tailpipe. 

12.47. When a plane is moving, air is forced into the 
front of the engine where the compressor is. The 
compressor, a multibladed fan, compresses the air to 
several times its density, increasing its temperature 
and pressure. 

12.48. The compressed air then passes into the combus- 
tors , into which fuel is sprayed. The mixture of fuel 
and air is ignited producing a high-temperature exhaust 
gas. 

12.49. This exhaust gas is expanded into the turbine. 
The expansion drives the turbine, giving it sufficient 
power to rotate the compressor blades. 

12.50. After passing through the turbine, the exhaust 
gas is designed to have enough velocity to provide a 
backward push against the outside air helping to thrust 
the aircraft forward. 

12.51. There are three categories of aircraft gas- 
turbine engines: turbojet, turboprop, and turbofan. 

12.52. The turbojet engine uses a great proportion of 
the energy of the turbine exhaust gases to provide 
thrust for the aircraft. This is done by designing a 
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suitable exit nozzle. Turbojet engines perform best 
at high altitudes and high speeds. 

12.53. Turboprop engines have a propeller mounted in 
front of the compressor. They are designed so that 
most of the energy of the expanding exhaust gases is 
used in turning the turbine and subsequently to rotate 
the propeller. These engines operate best at low 
altitudes . 

12.54. In the turbofan engine the fans of the first 
stages are larger in diameter than the others. The 
air taken into the centre portion of the compressor 
passes through as with the turbojet engine. The 
exhaust gases turn the turbine, driving the compressor, 
and expand out the rear of the engine producing 
additional jet thrust. Because of the increased 
frontal area of this engine, it is better adapted to 
subsonic than to supersonic flight. 

Visible Emissions From Mobile Sources 

12.55. Particulate matter is emitted from a gasoline 
engine in the exhaust gases and in the blowby gases, 
which escape past the piston rings into the crankcase 
and then into the exhaust. 

12.56. Carbon, metallic ash, and hydrocarbons in 
aerosol form are the principal particulate emissions. 
If an automobile is performing properly these particles 
will be at low concentration and not visible as smoke. 

12.57. The colour of smoky exhausts may be blue, black, 
or white. Blue and black smoke are indicators that the 
engine needs repair. 
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12.58. White smoke results from the condensation of 
water vapour in the exhaust. There is always water 
vapour produced in the combustion of gasoline. White 
smoke from an exhaust will be more likely during cold 
weather when the vapour is cooled to the visible 
liquid state. The white smoke will be more noticeable 
on moist days when the air is saturated so that the 
wet plume cannot evaporate and when an automobile is 
standing still so the plume is not dispersed by the 
motion of air. 

12.59. If the exhaust smoke has a bluish tinge, oil is 
leaking into the combustion chamber of the engine and 
is being partially burned there with the gasoline. 

12.60. Oil can enter the combustion chamber in three 
ways: through a cracked vacuum pump diaphragm, through 
an excessive clearance around the intake valve, and 
between the piston rings and the cylinder walls. The 
latter entry may be due to worn cylinder walls or to 
worn or carboned rings. 

12.61. Black exhaust smoke is composed of unburned 
gasoline. This indicates that the fuel-to-air mixture 
is excessively rich in fuel. 

21.62. Some causes of black smoke from a gasoline 
engine are 

(a) Excessive fuel pump pressure 
or pump leakage 

(b) Choke not opening properly 

(c) Clogged air cleaner 

(d) Carburettor in need of repair 
or adjustment 

(e) Faulty spark plugs which cause the 
engine to "miss" and not use all 
the fuel. 
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12.63. Particulate matter emitted by diesel engines 
consists primarily of carbon and hydrocarbon aerosols, 
which result from incomplete combustion of the fuel. 
Diesel exhaust is made up of particles of which 62.5 
per cent are less than 5 microns in diameter and 37.5 
per cent are from 5 to 20 microns. 

12.64. Maximum emissions of visible smoke from diesel 
engines occur during full-throttle acceleration and 
during deceleration or "lug-down", also at full 
throttle. At full or open throttle the fuel-to-air 
ratio is enriched. This fuel-rich mixture is 
desirable during acceleration because it provides 
greater power. The greater power is achieved at the 
expense of fuel economy. 

12.65. The power of the diesel engine is controlled by 
the amount of fuel injected into the combustion chamber 
through nozzles during the compression phase of the 
engine cycle. 

12.66. If the fuel system is kept at the setting 
prescribed by the manufacturer, the smoke emissions 
should meet established standards. As vehicle mileage 
increases, low levels of visible emission can be 
maintained by proper fuel system adjustment, maint- 
enance at appropriate intervals, use of specified type 
of fuel, and good operating techniques. Maintenance 
will correct dirty or eroded injection nozzles, which 
can occur even in a properly adjusted engine. 

12.67. It has been found that truck operators some- 
times increase the horsepower of their engines by 
altering the fuel-injection setting prescribed by the 
manufacturer. By this means the operator can install 
an engine which is under-rated for the load required 
and then meet the power requirement by overfueling. 
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However, this increase in power also raises the level 
of black smoke. 

12.68. Most turbine onqines in non-military aircraft 
use aviation kerosene as a fuel. The turbine engines 
operate at fuel-to-air ratios five to twenty times 
less than those used by piston engines. During 
flight the emissions of particulates are low. How- 
ever, during the takeoff and landing operations, the 
engines operate under high fuel-to-air ratio conditions 
and visible smoke is emitted. The quantity of the 
solid material released is small, but is highly visible, 

12.69. Particulate matter originates near the upstream 
end of the combustor, where fuel is injected and 
where the fuel-rich regions are. Alteration programs 
for replacing smoking engines involve the replacement 
of conventional combustors (or burner cans) with new 
smokeless burner cans. 
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